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Notice 


This  report  has  been  prepared  for  the  Air  Force  by  CH2M  HILL  for  the  purpose  of  aiding  in  the 
implementation  of  a  Hnal  remedial  action  plan  under  the  Air  Force  Installation  Restoration  Program 
(IRP).  Because  the  report  relates  to  actual  or  possible  releases  of  potentially  hazardous  substances,  its 
release  prior  to  an  Air  Force  final  decision  on  remedial  action  may  be  in  the  public’s  interest.  The 
limited  objectives  of  this  report  and  the  ongoing  nature  of  the  IRP,  along  with  the  evolving  knowledge 
of  site  conditions  and  chemical  effects  on  the  environment  and  health,  must  be  considered  when 
evaluating  this  report,  since  subsequent  facts  may  become  known  that  may  make  this  report  premature 
or  inaccurate.  Acceptance  of  this  report  in  performance  of  the  contract  under  which  it  is  prepared 
does  not  mean  that  the  Air  Force  adopts  the  conclusions,  recommendations,  or  other  views  expressed 
herein,  which  are  those  of  the  contractor  only  and  do  not  necessarily  reflect  the  offlcial  position  of  the 
Air  Force. 
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Executive  Summary 


This  document  presents  the  Remedial  Investigation/Feasibility  Study 
(Rl/FS)  for  the  Groundwater  Operable  Unit  (GW  OU)  at  McClellan  Air 
Force  Base  (McClellan  AFB).  The  RI/FS  is  one  step  in  the  GW  OU, 
which  is  intended  to  develop  an  interim  remedial  action  for  groundwater 
contamination  at  McClellan  AFB. 

The  preferred  interim  remedial  action  for  the  GW  OU  is  containment  of 
the  10^  risk  target  volume,  treatment  using  air  stripping  with  v)^x>r  phase 
carbon  and  LGAC  polishing  on  the  east  side,  the  existing  GWTP  on  the 
west  side,  and  injection  of  the  treated  water. 

Purpose  and  Scope  of  the  Groundwater  OU 

The  GW  OU  encompasses  all  contaminated  groundwater  associated  with 
McClellan  AFB.  It  is  intended  to  provide  an  integrated  ^proach  to  the 
investigation  and  remediation  of  groundwater  contamination  at  the  Base. 
The  principal  goals  for  the  GW  OU  include  the  following: 

•  Develop  remedial  actions  that  conform  to  requirements  of 
the  federal  Cooqirehensive  Enviromnental  Response,  Com¬ 
pensation  and  Liability  Act  (CERCLA,  also  known  as 
”Superfund*),  and  State  of  California  requirements 

•  Achieve  the  objectives  of  the  U.S.  Air  Force  Installation 
Restoration  Program  (IRP) 

•  Integrate  groundwater  remedial  actions  with  remedial 
actions  for  soils  and  contaminant  source  areas  across  the 
Base 

The  steps  in  the  GW  OU  through  which  these  goals  will  be  achieved  are: 

•  The  Strawman  Record  of  Decision  (ROD)  Workshop,  held 
in  October  1992 

•  The  GW  OU  Work  Plan,  approved  in  April  1993 

•  The  RI/FS  contained  in  this  document 

•  The  Proposed  Plan,  through  which  public  input  will  be  soli¬ 
cited  on  the  proposed  remedial  action 

•  The  Interim  ROD  to  be  issued  for  the  GW  OU  in  August 
1994 

The  Interim  ROD  will  document  the  decisions  to  be  made  related  to  the 
GW  OU  and  will  allow  McClellan  AFB  to  proceed  with  implementation 
of  remedial  actions.  Remedial  actions  selected  prior  to  the  Basewide 
ROD  will  be  considered  interim  RODs,  and  the  decisions  may  be 
updated  in  the  Basewide  ROD. 
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Under  tbe  IRP,  11  separate  areas  of  contamination  have  been  identified 
as  OUs  to  aid  in  managing  investigation  and  remediation  activities  at  the 
Base.  Hie  OU  boundaries  developed  at  McClellan  AFB  are  presented  in 
Figure  2-1.  Ten  of  the  OUs  address  contaminants  in  soil  associated  with 
different  activities  at  the  Base,  while  there  is  only  a  single  OU  for 
groundwater.  The  principal  reason  for  the  GW  OU  is  that  groundwater 
contamination  is  not  necessarily  associated  with  the  geogn^ihical  bound¬ 
aries  of  tolerable  units  or  contaminant  source  areas  in  soil.  The  nature  of 
the  GW  OU  requires  an  integrated  Basewide  RI/FS  and  ROD,  in  terms 
of  evaluation  of  remedial  action  alternatives,  identification  of  additional 
data  requirements,  integration  with  existing  remedial  actions  at  the  Base, 
and  evaluation  of  die  long-term  impacts  of  regional  groundwater  use. 

Nature  and  Extent  of  Groundwater  Contamination 

McClellan  AFB  has  provided  maintenance  and  rquiir  siqtport  for  aircraft, 
electronics,  and  communications  ^sterns  since  1936.  The  disposal  of 
hazardous  materials  used  in  these  activities  has  resulted  in  contamination 
of  soil  and  groundwater  at  the  Base.  Three  plumes  of  groundwater 
contamination  have  been  idmtified  undemeadi  the  Base;  portions  of  these 
plumes  have  migrated  offbase,  potentially  threatening  municipal  and 
private  supply  wells.  The  contaminant  plumes  in  groundwater  and  the 
contaminant  souTces  in  soil  have  a  complex  relationship  that  influences 
the  strategy  for  groundwater  remediation  at  McClellan  AFB. 

Contamination  is  principally  confined  to  the  uppermost  groundwater 
zones  beneath  the  Base,  but  has  been  detected  to  a  depth  of  390  feet. 

The  contaminants  detected  most  ftequoitly,  and  at  the  highest  concentra¬ 
tions  in  groundwater,  are  chlorinated  volatile  organic  compounds 
(VCX^s),  principally  trichloroethoie  (TCE)  and  tetrachloroethene  (PCE), 
which  were  used  for  several  years  as  solvents  at  the  Base.  Other  con¬ 
taminants  of  concern  in  groundwater  include  1,1-dichloroethene  (1,1- 
DCE),  l,2-dichloroeth«te  (1,2-DCE),  1,2-dichloroethane  (1,2-DCA), 
vinyl  chloride,  chloroform,  and  1,1,1-trichloroethane  (1,1,1-TCA). 
Chloroform  and  1,1,1-TCA  also  have  been  used  as  solvoits  at  the  Base, 
while  1,1 -DCE,  1,2-DCE,  1,2-DCA,  and  vinyl  chloride  are  degradation 
products  of  chlorinated  VOC  solvents.  Concentrations  of  metals  have 
been  detected  in  some  samples  at  levels  that  are  higher  than  allowed  by 
drinking  water  standards,  typically  in  unfiltered  samples  or  samples 
collected  soon  after  well  construction.  However,  it  is  not  certain  if  these 
Endings  are  associated  with  contamination  at  the  Base  or  background 
conditions.  Several  background  water  quali^  wells  were  sampled  in 
October  1993,  and  these  results  will  be  used  to  resolve  the  metals  issues. 
Occurrences  of  organic  compounds  in  groundwater  other  than  VOCs 
generally  have  been  limited  to  veiy  small  areas  at  the  Base. 

General  groundwater  flow  at  McClellan  AFB  has  been  from  northeast  to 
southwest.  Withdrawals  horn  Base  wells  and  regitmal  urban  and  agricul¬ 
tural  wells  have  caused  several  changes  in  regional  groundwater  flow, 
and  have  caused  groundwater  levels  to  decline  over  60  feet  in  the  past  40 
years.  Evaluation  of  available  sanqiling  and  analytical  data  indicate  a 
slow,  continuing  vertical  migration  of  contaminants  from  soil  to  groimd- 
water  in  OU  A,  located  on  the  southeast  side  of  the  Base.  The  highest 
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concentrations  of  contaminants  in  groundwater  are  detected  in  the 
shallowest  groundwater  zones,  and  concentrations  decrease  with  depth. 
The  vertical  and  lateral  extent  of  contamination  in  OU  A  has  not  yet  been 
defined,  particularly  in  terms  of  migration  offbase.  Groundwater 
contamination  in  OUs  B  and  C,  located  on  the  west  side  of  the  Base, 
indicates  a  complex  relationship  between  contaminant  sources  and 
groundwater.  Shallower  groundwater  zones  at  OU  C  have  high  levels  of 
contamination,  suggesting  that  vertical  migration  of  contaminants  from 
soils  in  OU  C  is  likely  to  be  the  major  cause  of  groundwater  contami¬ 
nation.  Groundwater  contamination  in  OUs  B  and  C  is  partially  con¬ 
trolled  by  a  groundwater  remedial  action  involving  extraction  of 
groundwater  and  treatment  at  the  onbase  Groundwater  Treatment  Plant 
(GWTP).  Groundwater  contamination  under  OU  D  appears  to  be  declin¬ 
ing  over  time,  either  through  biodegradation  or  in  response  to  remedial 
actions.  Groundwater  extraction  and  treatment  are  also  ongoing  at 
OU  D,  along  with  a  source  remedial  action  involving  soil  vapor 
extraction  (SVE)  of  VOCs  in  soils  and  wastes. 

In  general,  groundwater  contamination  at  McClellan  AFB  is  character¬ 
ized  by  small  areas  (’hot  spots”)  with  elevated  concentrations  or  non- 
aqueous  phase  liquids  (NAPL,  also  known  as  ’free  product’),  sur¬ 
rounded  by  larger  areas  with  lower  concentrations.  This  distribution  of 
contamination  influenced  the  development  of  a  groundwater  remediation 
strategy. 

Groundwater  contamination  under  McClellan  AFB  does  not  represent  a 
significant  risk  to  public  health  under  current  conditions.  Currently, 
there  are  no  existing  routes  of  exposure  to  individuals  either  onbase  or 
offbase,  due  to  interim  remedial  actions  undertaken  by  the  Base.  These 
remedial  actions  include  an  offbase  remedial  action  involving  coimecting 
nearby  residences  (formerly  using  private  wells)  to  municipal  water 
supplies,  and  the  groundwater  extraction  and  treatment  actions  described 
previously.  However,  contamination  under  McClellan  AFB  represents  a 
potential  threat  to  the  quality  and  useability  of  groundwater  as  defined  by 
State  of  California  policies,  and  could  potentially  represent  a  significant 
risk  to  human  health  for  future  use. 

Strategy  for  Groundwater  Remedial  Action 

Groundwater  remedial  action  at  McClellan  AFB  must  accomplish  several 
goals.  It  must  achieve  remedial  response  objectives  identified  for  the 
Base;  it  must  accommodate  uncertainties  in  site  conditions;  and,  it  must 
integrate  with  other  remedial  actions  being  perforoMd  at  the  Base. 

The  remedial  response  objectives  identified  for  the  GW  OU  are: 

•  Contain  the  contamination  by  stopping  lateral  migration 
offbase  and  vertical  migration  to  deeper  aquifers. 

•  Apply  innovative  technologies  to  reduce  the  duration  and 
cost  of  remedial  action. 

•  Protect  public  health  and  the  environment. 
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•  Achieve  compliance  with  ARARs  (Applicable,  Relevant  and 
Appropriate  Requirements). 

Containment  of  the  groundwater  contamination,  combined  with  flushing 
the  aquifers  and  isolating  and  remediating  hot  spots,  will  achieve  the 
remedial  response  objectives.  The  volume  of  contaminated  groundwater 
would  be  reduced  over  time  when  hot  spots  are  isolated.  Innovative 
technologies,  such  as  in  situ  bioremediation  processes,  could  be  applied 
once  hot  spots  are  isolated.  Since  groundwater  would  already  be 
hydraulically  controlled,  the  testing  and  trial  implementation  of 
innovative  technologies  would  provide  minimal  risk  to  the  overall 
remedial  action.  This  strategy  integrates  with  a  Basewide  vadose  zone 
and  source  area  remedy,  initially  being  applied  at  OU  D,  that  addresses 
continuing  sources  of  VOC  contamination  in  soil.  Removal  of  VOC 
contamination  in  soil,  and  isolation/remediation  of  NAPLs  in  hot  spots, 
could  significantly  reduce  the  time  required  to  remediate  contaminated 
groundwater.  If  these  sources  are  allowed  to  remain  in  place,  then  the 
groimdwater  remedy  would,  at  best,  achieve  containment  of  the 
contamination. 

RI/FS  Approach  to  Remedial  Action 

A  range  of  remedial  action  strategies  was  identified  to  guide  development 
of  remedial  action  alternatives.  These  strategies  were  reflected  in  the 
development  of  the  target  volumes,  or  volumes  of  contaminated  ground- 
water,  requiring  remedial  action.  These  target  volumes  represent; 

•  Hot  spots,  500  pg/l  or  greater  TCE 

•  Maximum  Contaminant  Limit  (MCL),  5  pg/1  TCE  (the 
MCL  target  volume  was  determined  largely  by  the  extent  of 
TCE  in  groundwater) 

•  Health  risk,  10^  increased  lifetime  cancer  risk 

•  Background,  0.5  pg/1,  determined  largely  by  the  extent  of 
TCE  in  groundwater 

Note  that  a  hot  spot  target  volume  does  not  strictly  reflect  a  cleanup 
strateg;^,  but  was  considered  in  the  RI/FS  to  better  evaluate  the  relation¬ 
ship  between  contaminant  mass  removal  and  remedial  action  costs. 
Consensus  on  these  target  volumes  was  obtained  between  McClellan  AFB 
and  the  regulatory  agencies. 

The  approach  to  the  FS  was  developed  with  the  understanding  that 
remedial  action  alternatives  share  common  elements  of  groundwater 
pumping,  treatment,  and  end  use,  and  that  there  are  several  options  for 
each  of  these  elements.  The  development  of  groundwater  containment 
and  extraction  options  was  based  on  the  selected  target  volumes  and  the 
evaluation  of  the  available  hydrological  data.  Screening  and  selection  of 
treatment  technologies  were  developed  in  consultation  with  McClellan 
AFB  and  the  regulatory  agencies.  Possible  end  uses  were  identified  in 
consultation  with  local  water  districts  and  other  interested  individuals. 
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Final  screening  of  all  of  the  different  options,  and  packaging  of  options 
into  remedial  action  alternatives,  was  developed  by  achieving  a  consensus 
between  McClellan  AFB  and  the  regulatory  agencies.  Detailed 
evaluations,  involving  comparison  with  the  U.S.  Environmental 
Protection  Agency’s  (EPA)  evaluation  criteria,  implementation  plans,  and 
budget-level  cost  estimates  were  developed  for  selected  remedial  action 
alternatives. 

Innovative  technologies  are  new  and  promising,  yet  unprovm,  treatment 
technologies  for  site  remediation  that  may  offer  potential  benefits 
compared  with  standard  technologies.  Once  groundwater  containment, 
treatment,  and  end  uses  are  in  place,  innovative  technologies  can  be 
incorporated  to  reduce  the  treatmmt  burden.  In  situ  processes  could  be 
used  to  treat  or  accelerate  the  extraction  of  contaminant  hot  spots.  Ex 
situ  processes  could  be  used  to  reduce  the  costs  of  treating  extracted 
groundwater.  Because  the  groundwater  would  already  be  hydraulically 
controlled,  the  testing  and  trial  implementation  of  innovative  technologies 
would  involve  minimal  risk  to  the  overall  remedial  action.  The  evalua¬ 
tion,  screening,  and  development  of  innovative  technologies  follows  a 
parallel  track  to  the  development  of  remedial  action  alternatives  (due  to 
their  unproven  nature,  they  were  not  compared  directly  with  standard 
technologies).  Innovative  technologies  converge  with  the  remedial  action 
alternatives  during  the  development  of  implementation  plans  for  the 
remedial  action  alternatives.  The  implementation  plans  identify  the 
bench-,  pilot-,  or  field  demonstration-scale  testing  required  to  fully 
evaluate  the  feasibility  of  innovative  technologies. 

Addressing  Uncertainties  in  the  Groundwater  OU 

Decisions  for  the  GW  OU  will  be  made  under  conditions  of  uncertainty. 
While  collection  of  additional  data  could  reduce  the  uncertainty,  the 
effort  and  expense  of  such  an  effort  are  unrealistic.  The  objective  of  the 
Rl/FS  process  is  not  the  unobtainable  goal  of  removing  all  uncertainty, 
but  rather  to  collect  sufficient  information  to  make  an  informed  decision 
about  which  remedy  is  most  appropriate  for  a  given  site.  It  is  recognized 
that  McClellan  AFB  has  collected  a  considerable  amount  of  data,  and  the 
challenge  was  to  provide  an  qiproach  that  would  lead  to  a  strategically 
correct  decision  given  the  uncertainties.  A  five-step  process  was  used  in 
the  FS  to  identify,  evaluate,  and  accommodate  the  uncertainties  that 
could  be  encoimtered  during  groundwater  remediation  at  McClellan  AFB. 
These  five  steps  are: 

•  Identify  uncertainties 

•  Define  their  bounds 

•  Identify  or  estimate  potential  impacts 

•  Measure  outcomes 

•  Adjust  operations  during  remediation 

Accomplishing  these  steps  within  the  RI/FS  was  facilitated  by  using 
decision  analysis.  Decision  analysis  depicted  the  relationships  between 
decisions  to  be  nuule  in  groundwater  remediation  and  the  uncertainties, 
and  all  possible  combinations  of  decisions  and  uncertainties  were 
analyzed  to  aid  in  selecting  an  optimal  remedial  action  strategy.  The 
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RI/FS  also  identified  additional  data  needs  that  could  refine  or  reduce  the 
extent  of  the  target  volumes,  and  provide  for  the  measurement  of  the 
outcomes  of  remedial  action.  A  data  collection  and  management  plan  has 
been  developed  within  the  RI/FS  to  facilitate  the  verification  or 
adjustment  of  remedial  designs  before  they  are  installed.  Measurements 
of  performance  of  the  remedial  action  will  then  continue  to  facilitate 
continuous  process  improvement. 

Selected  Remedial  Action  Alternatives 

Six  different  remedial  action  alternatives,  along  with  a  No-Action  Alter¬ 
native,  were  evaluated  in  the  RI/FS.  These  are  summarized  below  in 
Table  FS-1. 


Table  ES-1 

Remedial  Action  AttematiTes 

Alternative 

Target 

Volume 

Treatment  Technology 

End  Use 

1 

MCL 

Air  stripping  with  catalytic  oxidation  offgas  treatment  with 
carbon  polishing*- east  side;  existing  groundwater  treatment 
plant— west  side 

Groundwater  injection 

2 

10"* 

Air  stripping  with  catalytic  oxidation  offgas  treatment  with 
carbon  polishing— east  side;  existing  groundwater  treatment 
plant— west  side 

Groundwater  injection 

3 

Background 

Air  Mripping  with  catalytic  oxidation  ofTgaa  treatment  with 
carbon  polishing  -  east  side;  existing  groundwater  treatment 
plant— west  side 

Groundwater  injection 

4 

10^ 

Air  stripping  with  vapor-phase  granular  activated  carbon  offgas 
treatment  with  carbon  polishing— east  side;  existing  ground¬ 
water  treatment  plant— west  side 

Groundwater  injection 

5 

10^ 

Air  stripping  with  catalytic  oxidation  offgas  treatment -east 
side;  existing  groundwater  treatment  plant— west  side 

Purvey  to  local  water  districts 

6 

icr* 

Liquid-phase  granular  activated  carbon  treatment -east  side; 
existing  groundwater  treatment  plant— west  side 

Groundwater  injection 

No  Action 

Notes:  MCL  =  Msximum  ConUminant  Umits;  lO**  =  target  volume  mapped  to  a  10*^  increased  lifetime  cancer  risk;  Background 
-  target  volume  mapped  to  limit  of  detection  (0.5  /<g/l). 

Each  alternative  has  the  following  baseline  requirements: 

•  Determine  the  extent  of  contamination. 

•  Obtain  aquifer  parameters. 

•  Determine  the  effectiveness  of  horizontal  wells. 

•  Design  the  long-term  data  acquisition  system. 

•  Determine  the  capacity  to  inject  water  as  the  end  use. 
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•  E>etennine  the  ability  tc  maintain  containment  of  the  hot 
spots  while  injecting  treated  groundwater  to  enhance 
flushing. 

•  Determine  the  background  concentrations  of  metals. 

•  Determine  the  need  for  metals  removal  prior  to  use  of  the 
treated  groundwater. 

•  Design  contingency  plans  for  the  appropriate  offbase  wells 
(currently  CW  132  and  CW135,  but  there  would  be 
additional  wells  threatened  by  OU  A  contamination). 

•  Properly  abandon  Base  Well  18  and  replace  the  water 
supply. 

•  Properly  abandon  other  Base  wells  that  may  serve  as 
conduits  for  contamination.  This  is  an  ongoing  program. 

•  Continue  operation  of  the  Groundwater  Treatment  Plant. 

•  Contain  the  groundwater  hot  sptots  as  they  are  defined. 

•  U{xlate  the  conceptual  model  at  appropriate  milestones. 

•  Continue  to  monitor  water  levels  and  water  quality  m  the 
exist'mg  monitoring  wells. 

•  Identify  interim  end  uses  for  the  water  to  allow  extraction 
and  treatment  to  begin  independent  of  injection. 

In  assessing  priorities,  all  the  baseline  requirements  are  of  high  priority 
because  they  are  either  predecessors  to  achieving  containment,  or 
predecessors  to  major  design  decisions  or  activities  that  could  alleviate 
imminent  threats.  In  the  case  of  the  determination  of  the  extent  of  con¬ 
tamination,  there  is  a  subset  of  priorities,  with  the  highest  priorities 
being: 


•  Deep  plume  beneath  OUs  B  and  C 

•  Plume  moving  south  from  OU  B 

•  Southern  OU  A  plume 

•  OU  A  plume  offbase  to  the  east 

•  OUs  G  and  H  plume 

Following  are  the  lower  priorities  for  investigation  of  the  extent  of 
contamination; 

•  Investigation  of  the  extent  of  contamination  west  of  OU  A 
and  east  of  OU  C  in  the  runway  area 

•  Investigation  of  the  presence  of  groundwater  contamination 
at  OUs  E,  F,  G,  and  H 
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•  Investigation  of  the  low  concentration  plume  west  of  OU  C 
(offbase) 

•  Refinement  of  the  OU  D  plume  estimate 

Priorities  for  Containment 

The  remedy  must  be  implemented  in  a  phased  iqjproach  because  of  the 
need  to  resolve  uncertainties,  the  magnitude  of  the  potential  remedy,  and 
resource  constraints.  The  priorities  for  conbunmoit,  and  the  basis  for 
the  priority,  are  discussed  in  the  following  paragraphs. 

High  priority  containment  projects  include: 

•  OU  A  offbase  to  the  east 

•  OU  A  southern  plume  offbase 

•  OU  B  offbase  plume 

•  OU  B/C  deep  plume  (considerable  investigation  is  needed 
prior  to  containment) 

•  Hot  spots  in  OU  A  (two  hot  spots),  OU  B  (two  hot  spots), 
and  OU  C  (one  hot  spot  known  today) 

The  OU  A  and  B  offbase  plumes  are  high  priorities  because  they  are 
potential  threats  to  offbase  water  users.  The  deep  plume  beneath  OUs  B 
and  C  is  a  high  priority  because  the  contamination  is  in  the  more  perme¬ 
able  materials  subject  to  pumpage  by  water  users.  The  hot  spots  are  a 
high  priority  because  the  isolation  of  the  vast  majority  of  contaminant 
mass  can  be  achieved  by  containment  of  the  hot  spots. 

Lx>wer  priority  containment  projects  include: 

•  OU  A  onbase  contamination 

•  OU  B/C  onbase  contamination 

•  Low  concentration  area  west  of  OU  C 

•  OU  D  expansion  (if  necessary) 

•  OUs  E,  F,  G,  and  H  onbase  contamination 

The  onbase  contamination  is  a  lower  priority  because  the  threat  to  the 
public  does  not  exist.  The  offbase  contamination  west  of  OU  C  is  a 
lower  priority  because  the  Air  Force  has  replaced  individual  water  wells 
with  potable  supply,  thereby  removing  the  threat  to  the  public.  In  addi¬ 
tion,  the  concentrations  are  low  and  much  farther  from  water  supply 
wells  than  the  OU  B  plume. 

All  of  these  remedial  action  alternatives  have  similar  abilities  to  protect 
human  health  and  the  environment.  All  can  comply  with  regulatory 
requirements  and  are  fully  implementable.  Alternative  3  is  more  expen¬ 
sive  to  implement  because  it  would  control  and  treat  a  much  larger 
volume  of  water.  Alternatives  have  similar  ranges  of  costs,  ranging 
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from  $30  M  to  $40  M,  based  on  net  present  value.  Innovative  tech¬ 
nologies  would  be  incorporated  into  this  alternative,  including  in  situ 
anaerobic  biodegradation,  SVE  with  air-q>arging,  cometabolic  bio- 
treatment,  and  dual-phase  extraction.  The  existing  GWTP  would  remain, 
and  would  be  upgraded  to  accommodate  higher  flows  of  groundwater 
contaminants.  Base  Well  18  (BW-18)  would  be  removed  from  service 
and  properly  abandoned,  and  its  carbon  treatment  units  would  be  reused 
in  the  remedy. 

Contingmcy  measures  to  be  included  in  the  remedy  are  potential  metals 
removal  prior  to  water  end  use,  potential  onbase  reuse  of  a  portion  of  the 
water,  and  wellhead  treatment  on  offbase  supply  wells.  The  contingency 
measures  will  only  be  implemented  if  necessary. 
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Glossary  of  Terms 


AB 

ADA 

adsorption 


advection 


AOP 

ARARs 

ATSDR 

BACT 

BOAT 

bgs 

BTEX 

Ca 

CAA 

CAAQS 

Cal-EPA 

CAHs 

CARB 

CatOx 

CCR 

CDWR 

CERCLA 

cis-l^-DCE 


Assembly  Bill 
Applied  Decision  Analysis 

the  accumulation  of  gases,  liquids,  or  solutes  on  the  surface 
of  a  solid  or  liquid 

a  local  change  in  the  properties,  such  as  temperature,  of  an 
air  mass  caused  by  the  horizontal  movement  of  the  air  mass. 
Contaminant  release  is  advection-controlled  when  the  rate  of 
contaminant  removal  rises  with  increased  vapor  extraction 
system  flow. 

advanced  oxidation  process 

Applicable  or  Relevant  and  Appropriate  Requirements 
Agency  for  Toxic  Substances  and  Disease  Registry 
best  available  control  technology 
best  demonstrated  available  treatment  technology 
below  ground  surface 

benzene,  toluene,  ethylbenzene,  and  xylenes 

calcium 

Clean  Air  Act 

California  Primary  and  Secondary  Ambient  Air  Quality 
Standards 

California  Environmental  Protection  Agency 

chlorinated  aliphatic  hydrocarbons 

California  Air  Resources  Board 

catalytic  oxidation 

California  Code  of  Regulations 

California  Department  of  Water  Resources 

Comprehensive  Environmental  Response,  Compensation,  and 
Liability  Act  of  1980  (the  Superfund  law) 

cis-l,2-dichloroethene 
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CLP 

CO 

CO2 

COCs 

COD 

cometabolic  elements 
cometabolism 

COPCs 

CS 

CT 

CVRWQCB 

CWA 

DCA 

1.1- DCE 

1.2- DCE 
desoqjtion 
DHS 

diffusion 

DNAPL 

DPE 

DPL 

DREs 


Contract  Laboratory  Program 
carbon  monoxide 
carbon  dioxide 
contaminants  of  concern 
chemical  oxygen  demand 

the  elements  necessary  for  cometabolism  to  occur 

the  process  whereby  a  "primary  substrate"  such  as  toluene, 
ethyl  benzene,  or  others,  induces  production  of  non-speciflc 
enzymes  that  oxidize  chlorinated  aliphatics  such  as  TCE. 

This  process  can  "biotransform"  contaminants  in  groundwater 
to  a  nonhazardous  state. 

contaminants  of  potential  concern 

confirmed  site 

carbon  tetrachloride 

Central  Valley  Regional  Water  Quality  Control  Board 

Clean  Water  Act 

dichloroethane 


1.1- dichloroethene 

1.2- dichloroethene 

the  process  of  removing  an  absorbed  or  adsorbed  substance 

State  of  California  Department  of  Health  Services,  known  as 
DTSC,  Department  of  Toxic  Substances  Control 

the  spontaneous  intermingling  of  two  or  more  substances  as  a 
result  of  random  thermal  motion.  Contaminant  release  is 
diffusion-controlled  when  the  contaminants  migrate  into  the 
vapor  phase  at  a  relatively  slow  rate  that  does  not  depend  on 
the  magnitude  of  soil  vapor  extraction  system  flow. 

dense  non-aqueous  phase  liquid 

dual-phase  extraction 

Decision  Program  Language 

destruction  and  removal  efficiencies 
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DTSC 


State  of  California  Department  of  Toxic  Substances  Control 


dual-phase  extraction  system 

DWR 

EA 

EBT 

EC 

EDB 

EE/CA 

EMR 

EPA 

FFSRA 

FIFRA 

FRP 

FS 

GAC 

gpd 

gpm 

GSAP 

GW  OU  RI/FS 

GWTP 

HA 

HCl 

LAG 

•  IC 

I  IRP 


a  system  designed  to  simultaneously  remove  soil  gas  and 
water  from  a  single  well  screened  at  or  above  the  water  table 

(California)  Department  of  Water  Resources 

Environmental  Assessment 

electron  beam  technology 

electrical  conductivity 

ethylene  dibromide 

engineering  evaluation/cost  analysis 

McClellan  AFB’s  Environmental  Management  Restoration 
Division 

U.S.  Environmental  Protection  Agency 

Federal  Facilities  Site  Remediation  Agreement 

Federal  Insecticide,  Fungicide,  and  Rodenticide  Act 

fiberglass-reinforced  plastic 

feasibility  study 

granular  activated  carbon 

gallons  per  day 

gallons  per  minute 

Groundwater  Sampling  and  Analysis  Program 

Groundwater  Operable  Unit  Remedial  Investigation/ 
Feasibility  Study 

groundwater  treatment  plant 

health  advisory 

hydrochloric  acid 

Interagency  Agreement 

Investigative  Cluster 

Installation  Restoration  Program 
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IRPIMS 

IWL 

IWTPs 

K 

Koc 

LGAC 

LNAPLs 

McClellan  AFB 

MCL 

MCLG 

MicroFem 


msl 

Na 

NAAQS 

NAPLs 

NCP 

NOAEL 

NO, 

NPDES 

NSPS 

NSR 

O&M 

offgas 


Installation  Restoration  Program  Information  Management 
System 

Industrial  Wastewater  Line 
industrial  wastewater  treatment  plants 
potassium 
partition  coefficient 
liquid-phase  granular  activated  carbon 
light  nonaqueous  phase  liquids 
McClellan  Air  Force  Base 
maximum  contaminant  level 
maximum  contaminant  level  goal 

a  steady-state,  finite-element  computer  modeling  program 
used  to  evaluate  capture  of  contaminants  for  certain 
groundwater  flow  conditions  and  pumping  rates  at  extraction 
wells 

mean  sea  level 
sodium 

National  Primary  and  Secondary  Ambient  Air  Quality 
Standards 

nonaqueous  phase  liquids 

National  Oil  and  Hazardous  Substances  Contingency  Plan 
no  observed  adverse  effect  level 
oxides  of  nitrogen 

National  Pollutant  Discharge  Elimination  System 
New  Source  Performance  Standards 
new  source  review 
operation  and  maintenance 

the  airstream  discharged  from  a  soil  vapor  extraction  system. 
Before  being  released  to  the  atmosphere,  this  contaminated 
airstream  will  require  some  form  of  treatment  to  remove  the 
contamination: 
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OSHA 

Occupational  Safety  and  Health  Act 

OU 

Operable  Unit 

PA 

Preliminary  Assessment 

PADRE 

Purus  adsorption  desorption  remediation  material 

PCBs 

polychlorinated  biphenyls 

PCE 

perchloroethene  or  tetrachloroethene 

PMIO 

particulate  matter  less  than  10  microns  in  diameter 

PNAs 

polynuclear  aromatic  compounds  (semi-volatile  compounds) 

POHC 

principle  organic  hazardous  constituent 

pore  volume 

volume  of  all  the  air  in  the  soil  pore  spaces  within  the  region 
of  contamination 

pore  volume  exchange 

one  complete  replacement  of  air  in  all  the  pores  of  soil  in  a 
specified  area  with  uncontaminated  air 

POTW 

publicly  owned  treatment  works 

ppb 

parts  per  billion 

PreUminary  GW  OU  RI 
(PGOURI) 

Preliminary  Groundwater  Operable  Unit  Remedial 
Investigation,  a  report  prepared  in  1992  by  Radian 
Corporation 

PRG 

preliminary  remediation  goal 

PRL 

potential  release  location 

PVC 

polyvinyl  chloride 

QA/QC 

quality  assurance/quality  control 

QAPP 

quality  assurance  project  plan 

QC 

quality  control 

RA 

remedial  action 

RAGS 

Risk  Assessment  Guidance  for  Superfund 

RAP 

Remedial  Action  Program 

RCRA 

Resource  Conservation  and  Recovery  Act 

RID 

reference  dose,  usually  expressed  in  units  of  mg/kg-day 
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RD/RA 

RI 

RI/FS 

RME 

ROD 

RPDs 

RWQCB 

SAP 

SARA 

SCS 

SDWA 

srvE 

SMAQMD 
SO, 
soil  gas 
sorbed 
sorption 

STLC 

STRIPR 

SVAB 

SVE 

SVOCs 

SWRCB 

T-BACT 

TBCs 


remedial  design/remedial  action 
remedial  investigation 
remedial  investigation/feasibility  study 
reasonable  maximum  exposure 
Record  of  Decision 
relative  percent  differences 
Regional  Water  Quality  Control  Board 
sampling  and  analysis  plan 

1986  Superfund  Amendments  and  Reauthorization  Act 

Soil  Conversation  Service 

Safe  Drinking  Water  Act 

steam  injectionMcuum  extraction 

Sacramento  Metropolitan  Air  Quality  Management  District 

oxides  of  sulfur 

gas  present  in  soils 

attached  or  held 

the  process  of  sorbing;  taking  up  and  holding  as  by 
adsorption  or  absorption 

soluable  threshold  limit  concentration 

a  computer  program  designed  to  calculate  design  parameters 
for  an  air  stripping  column  based  on  detailed  conditions  and 
treatment  objectives  of  the  specified  site 

Sacramento  Valley  Air  Basin 

soil  vapor  extraction 

semivolatile  organic  compounds 

State  Water  Resources  Control  Board 

best  available  control  technology-toxic 

to-be-considered  criteria 
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trichloroethene 
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total  fuel  hydrocarbon 
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trihalomethanes 
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Technical  Information  System 
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total  organic  carbon 
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total  petroleum  hydrocarbons 
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USDA 

U.S.  Department  of  Agriculture 
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UV 

ultraviolet 
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soils  above  the  water  table 

VCL 

vinyl  chloride 

VLEACH 

a  computer  modeling  program  designed  to  simulate  the 
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volatile  organic  compounds 
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Chapter  1 

Introduction 


This  Groundwater  Operable  Unit  Remedial  Investigation/Feasibility  Study 
(GW  OU  RI/FS)  report  has  been  prq>ared  to  support  an  Intnim  Record 
of  Decision  (Interim  ROD)  for  the  sdection  of  a  groundwater  remedial 
action  at  McClellan  Air  Force  Base  (McClellan  AFB).  This  section 
contains: 


•  A  site  description 

•  An  overview  of  this  docum«it 

•  An  overview  of  the  Superfimd  Rl/FS,  Record  of  Decision 
(ROD)  process,  requirements  to  siq>port  an  Interim  ROD, 
and  the  McClellan  AFB  Installation  Restoration  Program 
(IRP) 

•  The  process  by  which  groimdwater  remedial  action  priorities 
and  objectives  will  be  established 

•  The  process  for  making  decisions  today  and  in  the  future 

•  An  explarution  of  how  the  existing  remedial  actions  are 
incorporated  into  the  remediation  strategy 


1.1  Site  Description 

McClellan  AFB,  an  Air  Force  Logistics  Command  Carter,  is  located 
approximately  7  miles  northeast  of  downtown  Sacramoito,  California, 
and  is  composed  of  ^proximately  2,952  acres.  The  Base  property  is 
approximately  bounded  by  Elkhom  Boulevard  on  the  north,  Roseville 
Road  on  the  south.  Watt  Avoiue  on  the  east,  and  Raley  Boulevard  on  the 
west.  Figure  1-1  shows  the  Base  location. 

McClellan  AFB  currently  employs  approximately  17,000  people,  about 
3,500  military  and  13,500  civilian  enq>loyees.  Base  operations  include* 
the  management  and  rqrair  of  jet  aircraft,  electronics,  and  communica¬ 
tions  equipment. 

Because  of  its  current  and  past  missions,  the  Base  has  engaged  in  a  wide 
variety  of  operations  involving  the  use,  storage,  and  diqrosal  of  hazard¬ 
ous  materials,  including  industrial  solvents,  caustic  cleaners,  electroplat¬ 
ing  chemicals,  heavy  metals,  polychloriruted  biphenyls  (PCBs),  low-level 
radioactive  wastes,  and  a  variety  of  fuel  oils  and  lubricants.  Most  of  the 
sites  at  McClellan  AFB  woe  burial  pits  that  were  used  for  disposal 
and/or  burning  of  wastes. 
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Since  1979,  groundwater  inveatigations  have  identified  volatile  organic 
compounds  (VOCs)  in  onbase  production  wells  and  offbase  residential 
wells.  Groundwater  contaminant  plumes  have  been  identified  in  three 
areas  onbase  and  offbase. 


1 .2  RI/FS/ROD  Process  and  the  Structure 

of  the  McClellan  AFB  Installation 
Restoration  Program 

The  McClellan  AFB  ERP  is  faced  with  considerable  challenges  because  of 
the  number  of  sites  and  the  magnitude  of  the  environmental  restoration 
that  is  necessary.  The  process  of  performing  an  RI/PS  and  a  ROD  for  a 
Superfimd  site  is  provided  in  the  following  section,  followed  by  the 
tailoring  of  this  process  to  McClellan  AFB. 

1.2.1  RI/FS/ROD  Process 

The  purpose  of  the  RI  is  to  collect  the  data  necessary  to  adequately 
characterize  the  site  for  the  purpose  of  developing  and  evaluating  effec¬ 
tive  remedial  alternatives.  The  primary  objective  of  the  FS  is  to  ensure 
the  appropriate  remedial  action  alternatives  are  developed  and  evaluated 
such  that  relevant  information  concerning  the  remedial  action  options  can 
be  presmted  to  a  decisionmaker  and  an  appropriate  remedy  can  be 
selected.  The  FS  culminates  in  a  Proposed  Plan  for  the  remedy  and 
undergoes  public  comment.  Following  receipt  of  public  comments  and 
any  further  agmcy  comments,  the  remedy  is  selected  and  documented  in 
a  ROD.  The  ROD,  which  documents  the  remedial  acUon  plan  for  a  site 
or  operable  unit,  serves  three  basic  functions: 

•  It  certifies  that  the  remedy  selection  process  was  carried  out 
in  accordance  with  the  Comprehensive  Environmental 
Response,  Compensation,  and  Liability  Act  of  1980 
(C^CLA),  Superfund  Amendmoits  and  Reauthorization 
Act  of  1986  (SARA),  and,  to  the  extmt  practicable,  the 
National  Contingency  Plan  (NCP). 

•  It  describes  the  technical  parameters  of  the  remedy,  speci¬ 
fying  the  treatment,  engineering,  and  institutional  com¬ 
ponents,  as  well  as  the  remediation  goals. 

•  It  provides  the  public  with  a  consolidated  source  of  informa¬ 
tion  about  the  site  and  the  chosen  remedy,  including  the 
rationale  behind  die  selection. 

1.2.2  McClellan  AFB  Installation  Restoration 
Program 

The  McClellan  AFB  IRP  is  consistent  with  the  EPA  Superfimd  program 
as  described  1^  CERCLA  Section  120,  amended  by  SARA,  and  the 
NCP.  The  Base  has  been  divided  into  operable  units  (OUs).  The 
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principal  aims  of  the  environment  restoration  program  at  McClellan  AFB 
are  as  follows; 


•  Protect  human  health  and  the  environment. 

•  Comply  with  existing  statutes  and  regulations. 

•  Conduct  all  IRP  activities  in  a  manner  consistmt  with 
Section  120  of  CERCLA  as  amended  by  SARA. 

•  Meet  Interagency  Agreement  (lAG)  deadlines  and  commit¬ 
ments  in  other  agreements,  namely  the  Federal  Facility  Site 
Remediation  Agreement  (FFSRA)  concerning  the  Davis  Site 
and  commitmoits  to  the  Air  Force  and  the  California 
Enviroiunental  Protection  Agency  (Cal-EPA). 

•  Continue  eflbrts  to  identify  all  potential  source  areas. 

•  Initiate  selected  removal  actions  to  control,  eliminate,  or 
reduce  risks  to  maiugeable  levels. 

•  Identify  and  miqi  the  environmental  condition  of  installation 
property,  including  areas  of  no  suspected  contamination 
concurrently  with  remedial  investigation  (RI)  efforts; 
characterize  risks  associated  with  releases  of  hazardous 
substances,  pollutants,  contaminants,  or  hazardous  wastes. 

•  Complete  RIs  as  soon  as  practicable  for  each  OU,  in  order 
of  priority. 

•  Develop,  screen,  and  select  remedial  actions  (RAs)  that 
reduce  risks  in  a  manner  consistent  with  statutory 
requirements. 

•  Conduct  long-term  RAs  for  groundwater  and  any  necessary 
S-year  reviews  for  wastes  left  onsite. 

The  GW  OU  differs  from  other  OUs  within  the  IRP  in  that  it  spans  the 
entire  Base.  The  principal  reascm  for  this  is  that  groundwater 
contamination  does  not  recognize  geographical  OU  boundaries.  Reme¬ 
dial  action  alternatives  are  developed  to  address  Basewide  groundwater 
contaminant  problems,  rather  than  those  restricted  to  a  particular  OU. 
Finally,  the  GW  OU  RI/FS  can  intake  existing  remedial  actions  and 
integrate  them  with  the  Baaewide  groundwater  remedial  action.  The 
Groundwater  OU  also  has  a  role  in  identifying  and  prioritizing  sources  of 
contaminant  release  to  groundwater  in  soils  within  the  other  OUs.  In  this 
manner,  the  GW  OU  RI/FS  defines  priorities  for  activities  within  the 
other  OUs  related  to  characterization  and  remediation  of  groundwater 
contaminant  sources. 
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1.3 


Overview  of  the  Groundweter  OU 
RI/FS  Report 


The  groundwater  contamination  at  McClellan  AFB  has  been  tmder  inves¬ 
tigation  since  1979.  In  1992,  Radian  Corporation  prepared  the  Pre¬ 
liminary  Groundwater  Operable  Unit  Remedial  Investigation  report 
(Prelimiruuy  GW  OU  RI).  The  Preliminary  GW  OU  R1  forms  the  foun¬ 
dation  of  this  GW  OU  RI/FS  rqrort  and  is  referenced  often. 

This  GW  OU  RI/FS  rqxrrt  contains  interpretations  of  the  data  related  to 
the  estimation  of  the  extent  of  the  rcmedal  action  (risk  assessment, 
target  volumes,  and  future  trends)  and  the  implementation  of  the 
remedial  action  (regional  influences  and  areas  of  uncertainty). 

It  is  necessary  to  understand  the  overall  direction  of  the  ERP  at 
McClellan  AFB  to  appreciate  the  necessity  of  the  Interim  ROD  and 
remedial  action  for  the  contaminated  groundwater.  The  McClellan  AFB 
IRP  has  an  overriding  goal  of  reducing  risk  to  public  health  and  the 
environment.  This  goal  must  be  met  within  the  CERCLA  process,  the 
Air  Force  IRP  protocols,  and  resource  constraints.  Risk  reduction 
cannot  be  achieved  without  implementation  of  removal  or  remedial 
actions.  Removal  or  remedial  actions  cannot  be  designed  and 
implemented  without  the  af^ropriate  decision  documents.  The 
appropriate  decision  documents  are  action  memorandums  for  removal 
actions  and  Records  of  Decision  for  remedial  actions. 

The  CERCLA  process  recognizes  the  need  to  take  actions  that  are  larger 
in  scope  than  a  removal  action  prior  to  full  understanding  of  the  extent  of 
contamination  and  technology  performance  needed  for  a  fiiud  ROD.  To 
fill  this  need,  EPA  encourages  the  use  of  Interim  RODs  for  the  purpose 
of  making  as  many  remedird  action  decisions  as  possible  at  the  earliest 
point  in  the  investigation  of  the  site.  A  summary  of  the  differences 
between  an  Interim  ROD  and  a  firud  ROD  is  provided  in  Table  1-1. 

The  decision  documents  (action  memorandums.  Interim  RODs,  and 
RODs)  are  supported  by  the  Admirustrative  Record  in  gmeral,  and  by 
the  Proposed  Plan,  mgineering  evaluation/cost  atudysis  (EE/CA)  or 
RI/FS  in  particular.  Given  the  differences  in  use  and  content  of  the 
decision  documents,  the  content  of  the  supporting  documents  varies  as 
well.  While  the  overall  structure  of  the  documents  can  be  similar  to  the 
appropriate  guidance  documents,  there  are  necessary  differences  in 
content.  This  RI/FS  report  has  been  prquued  to  support  an  Interim 
ROD.  There  is  not  sufficient  information  to  support  a  final  groundwater 
ROD. 

Given  the  risk  reduction  goal  of  the  McClellan  AFB  IRP  and  the 
CERCLA  process,  the  following  decision  documents  have  been  prqiated 
or  are  plaimed; 

1.  Interim  Record  of  Decision  for  PCB-,  dioxin-,  and  metals- 
contaminated  soils  at  OU  Bl.  Completed  S^tember  3, 
1993. 
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provide  edeqiule  protection  of  human  health  and  the 
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2.  Soil  vapor  extraction  (SVE)  EE/CA  to  support  Removal 
Action  for  areas  highly  contaminated  by  VOCs  in  the 
vadose  zone.  Completed  November,  1993,  with  sites  added 
as  necessary. 

3.  Interim  ROD  for  the  Basewide  Groundwater  OU.  To  be 
completed  by  August  1994. 

4.  Interim  ROD  for  the  Basewide  Vadose  Zone.  To  be 
completed  In  March  1995. 

5.  Additional  Interim  ROD  for  contamination  or  conditions  that 
do  not  fit  the  Interim  ROD  for  the  Basewide  Groundwater 
OU  or  the  Interim  ROD  for  the  Basewide  Vadose  Zone. 

6.  Basewide  ROD. 

Specific  dates  beyond  1994  have  not  been  developed  and  are  dependent 
on  the  annual  priorities  for  the  McClellan  AFB  IRP  resources. 


1 .4  Priorities 

McClellan  AFB  has  clear  goals  and  objectives  for  the  IRP  and  may  be 
faced  with  resource  constraints.  A  process  for  establishing  priorities  is 
necessarv  to  resolve  the  conflict  between  the  goals  and  the  resource 
constraint:.  Il.e  relationship  of  the  strategy  for  the  remedial  action,  the 
implementation  of  the  remedial  actions,  and  the  priorities  is  illustrated  in 
Figure  1-2.  Priorities  need  to  be  established  to  balance  additional  inves¬ 
tigation  requirements  with  the  control  of  the  contaminant  plumes.  At  a 
Basewide  level,  the  priorities  among  the  OU  investigations,  the  source 
remedies,  the  vadose  zone  remedies,  and  the  groundwater  remedy  will  be 
resolved  by  McClellan  AFB  and  the  agencies. 

The  priorities  for  the  GW  OU  include: 

*  Remediation  of  contamination  that  has  migrated  offbase. 
Prioritization  of  offbase  groundwater  contamination 
remediation  will  be  established  with  the  regulatory  agencies. 
If  investigation  is  a  necessary  prerequisite  to  this  remedy,  it 
will  receive  a  high  priority. 

*  Control  of  hot  spots. 

*  Remediation  of  the  contamination  between  the  hot  spots  and 
the  plume  boundary. 

In  all  cases,  the  remedy  will  require  the  appropriate  monitoring  systems 
to  measure  the  effectiveness  of  the  remedial  actions. 
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Future  decisions  for  the  GW  OU  will  potentially  include  tiie  use  of  new 
technologies  as  they  become  available  or  when  the  eqiupmoit  needs  to  be 
r^laced,  expansion  or  reduction  of  the  level  of  protectiveness  for  the 
groundwater  remediation  goals,  and  balancing  resources  betwem  the 
groundwater  remedy  and  other  remedies  on  the  Base.  The  Rentedial 
Project  Manager  team  may  be  faced  with  decisions  on  the  prioriQr  of 
remediation  versus  poUution  prevention  programs.  McClellan  AFB 
developed  the  Management  Action  Plan,  which  provides  the  overall 
direction  for  the  IRP  at  the  Base.  Several  RODs  are  planned,  and  the 
decisionmakers  will  need  to  consider  the  previous  decisions  in  each  of 
the  RODs.  The  process  for  addressing  decisions  in  the  future  is  similar 
to  the  process  today,  only  the  baseline  conditions  will  include  remedies 
from  previous  RODs,  and  new  uncertainties  and  evaluation  factors  may 
need  to  be  included. 

As  shown  in  Figure  1-2,  strategic  planning  activities,  including  the  GW 
OU  RI/FS,  define  the  goals  for  remedial  action  and  identify  the  tech¬ 
nologies  to  be  used  in  its  iiiq>lementation.  The  goals  will  balanced 
against  projected  resources  to  establish  priorities  for  remedial  action. 

Tlie  priorities  for  containment  and  additional  investigation  to  refine  the 
interpretation  of  the  extent  of  contamination  are  presented  in 
Section  13.1.1  (Chapter  13).  These  planning  and  priority-setting 
activities  then  support  the  development  of  inplementation  plans  that 
define  the  infrastructure  required  for  remedial  action,  milestones,  and 
schedules  of  activities,  and  the  level  of  resource  commitment.  Periodic 
measurements  of  the  implementation  may  show  site  conditions  different 
than  those  anticipated  during  the  planning  process,  which  then  requires  a 
change  in  the  priorities  for  remedial  action. 

Changes  in  resource  levels  from  those  anticipated  during  the  planning 
process  may  require  a  change  in  either  the  priorities  for  remedial  action, 
the  goals,  or  both.  Addressing  this  dynamic  process  is  acconq>lished 
through  a  planning  process  that  accounts  for  uncertiunfy  throughout  each 
step. 


1.5  Presumptive  Remedies 

McClellan  AFB  is  faced  with  a  decision  that  is  common  in  Superfund 
sites,  that  is,  how  to  remediate  groundwater  contaminated  with  VOCs. 
The  U.S.  Environmental  Protection  Agency  (EPA)  has  recently 
advocated  using  presunq>tive  remedies  rather  than  reconsidering  the 
universe  of  potential  general  response  actions  and  technologies.  A 
presumptive  remedy  tq)proach  is  possible  in  instances  where  there  is  a 
remedial  action  or  process  option  that  has  repeatedly  bem  shown  to  work 
in  the  range  of  conditions  present  at  a  site,  and  when  there  are  no  iq)par- 
ent  conditions  at  the  site  that  are  markedly  different  from  the  conditions 
under  which  the  technology  has  previously  been  tested  or  used.  When 
the  presunqitive  remedy  iq>proach  is  used  by  EPA,  the  FS  report  does 
not  evaluate  a  full  range  of  varied  general  response  actions  or  technolo¬ 
gies.  Rather,  only  the  presumed  remerfy  and  the  No-Action  Alternative 
are  evaluated  and  conquued.  The  FS  then  describes  why  it  is  iq>propriate 
to  presume  the  alternative.  This  is  a  presuiiq>tive  remedy  FS  for  the 
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control  of  groundwater  migration  by  puiqiing.  There  are  several  aspects 
of  the  remedy  that  are  not  addressed  by  presuming  a  remedy,  because 
there  is  not  a  single  remedy  that  has  been  repeatedly  selected  on  similar 
sites.  The  components  of  the  remedy  that  are  not  addressed  by  the  pre¬ 
sumptive  remedy  tqpproach  are  the  water  treatment  technologies  for  treat¬ 
ment  c^sacity  beyond  the  c^>acity  of  the  existing  groundwater  treatment 
plant,  water  end  use,  and  the  innovative  technology  evaluations.  Site- 
specific  conditions  lead  to  the  need  to  evaluate  these  components  in  a 
more  traditional  fashion. 


1 .6  Integration  of  Existing  Groundwater 
Remedial  Actions 

McClellan  AFB  currently  has  several  groundwater  remedial  actions  in 
place.  The  existing  actions  are  considered  part  of  the  baseline  conditions 
in  the  RI/FS  and  will  become  part  of  the  remedy  as  they  currently  oper¬ 
ate,  or  possibly  be  adjusted.  Figure  1-3  depicts  the  integration  of  the 
existing  remedial  actions  into  the  groundwater  remedy.  This  section  pro¬ 
vides  a  summary  of  the  existing  remedial  actions. 


Groundwater  extraction  is  currently  taking  place  in  Operable  Units  B,  C, 
and  D  to  limit  offbase  subsurface  migration.  Biult  in  the  mid  1980s,  the 
Groundwater  Treatment  Plant  is  located  on  the  west  side  of  the  Base  and 
receives  water  from  OUs  C  and  D.  The  plant  uses  air  stripping  pro¬ 
cesses  and  granular  activated  carbon-thermal  oxidation  processes  to 
remediate  groundwater  and  to  treat  emissions. 

There  are  currently  seven  extraction  wells  located  within  OU  B.  Two  of 
the  wells  have  been  in  operation  since  1990.  They  extract  approximately 


RDD10012C3B.WPS  (OW  Rl/FS) 


1-14 


6/23/94 


6  to  7  gallons  per  minute  (gpm)  from  the  A  zone,  and  are  connected  to  a 
portable  carbon  treatment  system.  Two  additional  extraction  wells 
located  in  northern  OU  B  (EW-140  and  EW-141)  extract  approximately 
45  gpm  firom  the  B  zone  and  C  zone,  respectively.  Three  extraction 
wells  were  installed  recently,  oim  each  in  the  A,  B  and  C  zones,  and  will 
be  in  operation  in  1994.  BW-18  is  a  Base  supply  well  located  within 
OU  B.  It  has  a  radius  of  influence  of  approximatdy  500  to  700  feet  in 
the  A  and  B  aquifers,  and  a  slightly  highn  influeoce  in  the  C  aquifer  due 
to  a  larger  screened  interval.  The  well  was  out  of  service  from  1981  to 
1985  due  to  detected  contaminant  concentradon;  BW-18  currently 
receives  wellhead  treatment  that  has  been  effective  in  removing  low-level 
contaminants  before  releasing  the  water  into  the  McClellan  AFB  water 
supply. 

There  are  currently  two  extraction  wells  in  operation  in  OU  C  (EW-137 
and  EW-144).  These  wells  are  connected  to  the  existing  groundwater 
treatment  plant  pipeline  and  pump  approximately  30  ^m.  Together,  the 
OU  B  and  OU  C  extraction  systems  capture  approximately  90  gpm  from 
the  A,  B,  and  C  aquifers.  These  wells  do  not  totally  contain  the  known 
groundwater  contamination  areas.  The  location  of  all  existing  extraction 
wells  at  the  Base  are  shown  in  Figures  4-43  throu^  4-45. 

There  are  six  extraction  wells  that  have  been  in  operation  within  OU  D, 
all  screened  in  the  A/B  zone,  since  July  1987.  They  extract 
approximately  60  to  80  gpm  of  groundwater  from  the  A  and  B  aquifers. 
Horizontal  and  vertical  capture  is  achieved  within  the  A,  B,  and  C 
aquifers  beneath  the  OU  D  ctq}.  In  the  spring,  C  aquifer  capture  may 
not  be  as  successful  due  to  increased  regional  pumping.  The  current 
extraction  system  does  not  provide  capture  of  all  contaminated 
groundwater;  groundwater  west  of  20th  Street  appears  to  flow  to  the 
south  toward  OU  C  and  is  not  contained  by  the  OU  D  extraction  system. 
Horizontal  extent  of  containment  southeast  of  OU  D  is  poorly  defined 
due  to  lack  of  monitoring  wells. 
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Chapter  2 

Study  Area  Investigations 


2.1  Site  Summary 

La  1981,  the  Departmrait  of  Defense  developed  s  program  to  identify  and 
evaluate  suspected  or  potential  contamination  problems  resulting  from 
past  hazardous  waste  disposal  practices  at  Air  Force  installations.  Once 
the  evaluation  was  complete,  the  Installation  Restoration  Program  (IRP) 
was  developed  to  control  migration  of  contamirumts  and  hazards  to  the 
public  and  the  environment.  Ibe  IRP  serves  as  a  basis  for  response 
actions  on  Air  Force  installations  under  the  provisions  of  the  CERCLA. 
Ibe  IRP  consists  of  four  phases:  Phase  I  involves  Installation  Assess¬ 
ments  (record  searches)  to  identify  the  potoitial  problem  areas,  base 
history,  and  environmental  setting;  Phase  n  is  a  confirmation  of  the 
existence  and  extent  of  any  contamination;  Phase  m  is  a  Technology 
Base  Development  in  which  further  efforts  are  made  to  identify  and 
develop  remedial  action  technology;  and  Phase  IV  is  the  implementation 
of  a  recommended  remedial  action. 

In  May  1990,  the  Air  Force,  U.S.  EPA  Region  IX,  and  the  California 
Department  of  Health  Services  (DHS),  now  the  Cal-EPA,  signed  an  I  AG 
requiring  restoration  activities  to  comply  with  applicable  state  and  federal 
laws.  At  the  time  of  the  lAG,  the  Base  was  divided  into  1 1  OUs.  Ten 
of  the  11  OUs  have  geographic  boundaries  at  the  surface  and  are 
associated  with  source  areas  at  the  Base.  These  OUs  are  A,  B,  Bl,  C, 
Cl,  D,  E,  F,  G,  and  H  (see  Figure  2-1).  Ihe  eleventh  OU  is  the 
GWOU. 

To  date,  tqiproximately  253  confirmed  sites,  potential  release  locations 
(PRLs),  and  other  areas  that  warrant  investigation  have  been  identified 
(Table  2-1).  These  sites  have  been  grouped  into  the  OUs,  each  of  which 
corresponds  to  an  area  on  the  Base  where  specific  industrial  operations 
and/or  waste  management  activities  have  taken  place.  An  OU  is  a  dis¬ 
crete  part  of  an  overall  site  and  can  be  examined  separately  if  the  reme¬ 
dial  action  for  the  OU  can  be  done  expeditiously,  is  cost-effective,  con¬ 
trols  contaminant  sources  or  migration,  and  is  consistent  with  the  final 
site  remedy. 

VOCs  constitute  the  most  widespread  and  the  most  common  subsurface 
contamination  at  McClellan  AFB.  Compounds  with  significant  concen¬ 
trations  in  decreasing  order  of  ficquency  of  detection  in  soil  gas  are 
trichloroethene  (TCE),  tetrachloro^«ie  (PCE),  1,1-dichloroethene 
(DCE),  1,1,1-trichloroethane  (TCA),  and  Freon-113.  In  addition,  the 
following  conqxtunds  are  commonly  identified  in  soil  gas,  but  at  lower 
concmtrations:  ci8-l,2-DCE,  1,1-DCA,  trichlorofluoromethane, 
dichlorodifluoromethane,  trans-l,2-DCE,  1,2-DCA,  vinyl  chloride, 
carbon  tetrachloride,  chloroform,  methyl  b«izene,  xyloies,  and  boizene. 
Of  the  conqwunds  most  frequently  reported,  TCE  and  PCE  contribute 
the  bulk  of  the  contaminant  mass  in  some  areas,  but  1,1,1-TCA  and  1,1- 
DCE  are  as  significant  in  other  areas. 


RDD10013SF6.WPS  (OW  RI/FS) 


2-1 


6/23/94 


0  1000  2000 
SCALE  IN  FEET  (APPROXIMATE) 


LEGEND _ 

■mh  boundaries  of  operable  units 

-  McClellan  AIR  FORCE  BASE  BOUNDARY 

Sour*:  RadMn.  1881 
n001454_802 


RGURE  2-1 

APPROXIMATE  BOUNDARIES  OF  OPERABLE 
UNITS  AT  McClellan  air  force  base 

GROUNDWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO,  CALIFORNIA 

aanHiiL - 


T 


Table  2-1 

SuBunaiy  of  Sites  Identified  at 

McCleiian  AFB 

n^e  1  of  13 

1)  i 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

NFI,  REG-CON 

CERCLA 

NR,  REG-CON 
NR,  REG-CON 
NR,  REG-CON 

NR,  REG-CON 
CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

NR,  REG-CON 
CERCLA 

U  CJ  O  u  u 

u  u  u  u  u 

Dates  ot 

Operation 

1964-1969 

Late  40s,  early  SOs 

1940-1957 

Before  1941-1946 

1943-1972 

1941 

1962 
1946-1987 
Early  1940s-I989 
1940-1965 
1943-1989 

1955 

1944-1957 

1943 

1942- 1975 

1943- 1989 

Ute  1930s- 1989 
1940-1989 
Oct-Dec  1987 
1938-1989 
1937-1989 

Size  of 

Site' 

41,000 

110,000 

100 

125,000 

240,000 

100,000 

21,000 

189,000 

2,500 

12,500 

6,270 

3,360 

2,200 

2,200 

38,000 

12,000 

9,400 

5,600 

13,000 

4,200 

8,100 

10,000 

8,400 

250,000 

Contaminants* 

Prip 

Unknown 

Prip 

Sol,  POL 

Sol,  Prip,  Met 

Unknown 

Sol,  POL 

Unknown 

Sol,  POL 

Sol,  Met 

POLs,  Sol 

Sol,  POL 

Sol,  POL 

Sol,  Other 

Sol,  Other 

Acetone,  Met 

Sol,  CN,  Met 

Sol 

Acetone 

Sol,  Met,  POL 

Sol,  Met 

Sol,  Other 

Asbestos 

Sol,  POL 

POL,  Sol 

Description^ 

Landfill 

Landfill 

Waste  sol.  storage  tanks 
Landfill 

Engine  Repair  Shop 

Landfill 

Indus,  wastewater  sludge 
Spoil  pit/borrow  pit 

Landfill 

Sludge  drying  bed 

Empty  lot 

Oil  pit 

Sunq> 

Open  Ditch 

Open  Ditch 

Acid  and  cyanide  pit 

Platmg  shop 

Chemical  warehouse 

Acid  storage  warehouse 
Treatmoit  plan/sludge  beds 

IWTP  #1 

IWTPW 

Asbestos  storage 

Paint  shop/spray  booths 

Sol. /paint  spray  booths 

CS24 

r* 

H  m  fO 

StSS  £ 

PSPRL40 
UPRLB-2 
UPRL  B-3 
UPRLB-4 

UPRL  B-5 
UPRL  P-3 
UPRL  P-4 
UPRL  P-5 
UPRL  P-6 

UPRL  P-8 

UPRLS-1 
UPRL  S-2 
UPRL  S-3 
UPRLS-4 

UPRLS-6 
UPRL  S-7 
UPRL  S-9 
UPRL  S-14 
UPRL  S-16 

1  I 

PRL025 

CS034 

CS037 

CS038 

niL039 

9  a  a  ^ 

CSB-005 

RIL  P-003 
PRL  P-004 

CS  P-005 

CS  P-006 

RIL  P-008 

RlLS-001 

PRLS-002 

PRLS-003 

PRLS-004 

PRLS-006 

CS  S-007 
PRLS-009 
PRL  S4)14 
PRL  S-016 

LF025 

srra34 

LF037 

LFQ38 

LPQ39 

WF040 

DF070 

LJP071 

WP072 

LP073 

WP079 

WP080 

SD081 

SD082 

WP084 

OT086 

55087 

55088 

55089 

WP091 

WP092 

SS094 

SD099 

SDlOl 

i'i 

cn  ^ 

7 

8 

9 

^  n  ^  m 

e:  2  25  8 

1—  <s  ^  vn 

CS  n 

Operable 

Untt 

A 
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Table  2-1 

Summaiy  of  Sites  Identified  at 

McClellan  AFB 

Pt«e  2  of  13 

1 

3:5 

u  u  u  u  u 

ggges 

u  u  u  u  u 

CERCLA 

NH.  REG-CON 
CERCLA 

CERCLA 

CERCLA 

33333 

u  u  u  u  u 

giiii 

u  u  u  u  u 

333 

u  u  u 

U  U  U  3 

UST 

UST 

UST 

CERCLA 

CERCLA 

Dates  of 

Operation 

1937-??? 

1937-1989 

1940-1970S 

1941 

1943-1989 

Late  1930s 
1942 
1940-1989 
1943-1989 
1942 

1941 

1943-1989 

1946-1988 

1943-1989 

1952-1980 

1952-1989 
1938-1989 
1943-1989 
1943-1989 
Late  40s/Early  50s 

1943-1987 

1940- 1989 
Early  40s-Late  60s 

1941- 1989 
1943-1989 

o 

cA  S 

r-*  m  ^  00 
M 

10.000 

14.000 

25.000 

27.000 

38.000 

^  NO  M  vC 

M  iri"  irt  g  o 

Contaminants* 

Sol,  POL 

Sol.  POL 

Pesticides 

Met.  SOL 

Sol.  POL 

Sol.  POL 

Sol.  Met.  CN 

POL.  Sol 

POL.  PCS.  Sol 
POL.  Sol 

Sol 

Sol.  POL 

Sol.  POL 

Sol 

Sol 

Sol 

Sol 

Sol 

Sol.  POL 

Sol.  POL 

POL 

POL 

POL 

Sol.  POL 

Sol.  POL 

Description* 

Repair  shop/spray  booths 
Repair  shop/clean  diop 
Entomology  storage  area 
Hioto  lab 

Degreaser/spray  booths 

Repair  shop/spray  booths 
Plating  shop 

Depaint  washrack 
Transformer  shop 
Mainshop/spray  booth 

Solvent  recovery  stills 

Oil  drum  storage 

Oil  drum  storage 

Drum  storage 

UST 

Sol  pit/waste  thinner  tank 
Solvent  tank 

Waste  oil/solvent  tank 

Tank  Farm  1 

Tank  Farm  2 

Tank  Farm  3W 

Tank  Farm  4 

Tank  Farm  5 

Tank  Farm  6 

UST 

UPRL  S-22 
UPRL  S-23 
UPRL  S-24 
UPRL  S-25 
UPRL  S-26 

UPRL  S-27 
UPRL  S-36 
UPRL  S-37 
UPRL  S-38 
UPRLT-6 

UPRLT-7 
UPRL  T- 10 
UPRLT-12 
UPRL  T-15 
UPRL  T-16 

UPRL  T-17 
UPRLT-18 
UPRLT-19 
UPRL  T-20 
UPRLT-21 

Aliases* 

PRLS4)17 
PRL  S-018 
PRLS-019 
PRLS-020 

CS  S-021 

niLS-022 

PRLS-023 

CSS-024 

PRLS-025 

CS  S-026 

^  ^ 

cn  0^  0^ 

u  S  S  £  £ 

PRLT-007 
PRL  T-OlO 

CS  T-012 

PRL  T-015 

CS  T-016 

CS  T-017 

PRL  T-018 
PRL  T-019 
CST-020 
CST-021 

SD102 

SD103 

SS104 

SD105 

SD106 

S8S2  = 

§  i  m 

SD112 

55121 

55122 

55123 

ST131 

ST132 

ST134 

ST136 

ST137 

ST138 

^  ^  VI 

cn 

«  00  o 

w  cn  cn  ^ 

46 

47 

48 

49 

50 

Operable 

Unit 

< 
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SA  048  —  Warehouse  Paints,  Sol  --  —  NFI,  REG-CON 

SA049  -  UST  Diesel  -  1941-1992  UST 

SA052  —  Blowdown  Tanks  Met.,  Anions  -  1946-1990  CERCLA 

SA  053  -  Washrack  Unknown  -  -  CERCLA 

SA  054  —  Aboveground  storage  tank  Unknown  —  —  CERCLA 


Table  2-1 

Sunmaty  of  Sites  Identified  at 

McClellan  AFB 

Page  4  of  13 

1 

ll 

ll 

CERCLA 

CERCLA 

CERCLA 

UST 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

UST 

CERCLA 

CERCLA 

CERCLA 

UST 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

Dates  of 

Operation 

1952-1988 

1  1  ■  «  1 

1  1  i  1  1 

1942-1993 

1943-1989 

1  t  1  I  1 

1  t  i  1  1 

*8 

CA  Vi 

1  1  1  1  1 
■  till 

1  1  t  1  1 

1  1  1  1  • 

1  1  1  1  1 

1  1  1  1  1 

1  1  1  1  1 

111(1 

1  1  1  1  1 

Contaminants* 

Unknown 

Unknown 

Unknown 

Diesel 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Met/Fuels 

Unknown 

Unknown 

Unknown 

Diesel 

Unknown 

Unknown 

Unknown 

Unknown 

Sol 

Unknown 

Unknown 

Unknown 

Sol 

Description' 

Laboratory 

Wastewater 

Chemical  storage  tank 

UST 

Indus,  wastewater  drain 

Solvent  spray  booth 

Chemical  storage 

IWL 

Motor  pool 

Soil  contamination 

Spills 

Steam  Fac.AJST 

IWL 

Hazardous  mat.  storage 

Sump 

ACT,  UST 

IWL 

Hazardous  mat.  storage 
Aboveground  storage  tank 
Locomotive  washrack 

Fuel  Test  Fac. 

Contractor  staging 

Fuel  lines 

Spray  booth 

Oil/water  separator 

Aliases* 

•  fill 

1  1  1  1  r 

1  1  1  «  1 

1  1  «  1  t 

«  I  I  1  • 

(•III 

1  1  1  1  i 

1  1  1  1  i 

1  1  1  1  1 

1  1  1  1  1 

SAOSS 

SA0S6 

SA0S8 

SA059 

SA060 

—  VO  P* 

s  s  s  s  s 

<  <  <  <  < 
M  CO  CO  ^ 

SA068 

SA069 

SA070 

SA071 

SA073 

SA074 

SA075 

SA076 

SA077 

SA078 

SA079 

SA080 

SA081 

SA084 

SA085 

ll 

SS213 

SD214 

SS21S 

ST216 

WP217 

SD218 

SS219 

OT220 

55221 

55222 

SS223 

WP224 

OT225 

SS226 

WP227 

ST228 

OT229 

SS230 

ST231 

SD232 

ST233 

SS234 

ST235 

OT236 

WP237 

91  i. 

VO  00  Os  Q 

r*'-  r-  r'*  00 

^  PI  ^  y> 

00  00  00  00  00 

«  c  «  2  P 

00  00  OO  00  vV 

os  Ss  S!  $  oi 

96 

97 

98 

99 
100 

Operable 

Unit 

< 
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Table  2-1 

Summary  of  Sites  Identified  at 

McCMIan  AFB 

5  of  13 

Status/Regulatory 

Mechanism' 

CERCLA 

UST 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

UST 

CERCLA 

CERCLA 

CERCLA 

UST 

UST 

CERCLA 

CERCLA 

CERCLA 

UST 

CERCLA 

CERCLA 

CERCLA 

ChRCLA 

CERCLA 

CERCLA 

CERCLA 

Dates  of 

Operation 

1944-1986 

- 

1964-??? 

1946-1957 

1943-??? 

1950- 

1973- 

1  1  1  »  1  1 

1  1  1  1  1  1 

1966-1989 

1957- 1988 
1963-1968 

1958- 1980 

_ 

1  1  1  1  1 

I  1  1  1  1 

(  i  1  1  1 

1  t  1  1  1 

1  1  1  1  1 

1  1  1  1  1 

_ 

1  1  1  1  1  1 

t  1  1  i  1  1 

oC  en  o 

N  CO  CO 

Contaminants* 

Sol,  VOC 

POL 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Fuel  Oil 

Unknown 

Unknown 

Unknown 

Sewage,  Diesel 

Sol,  Diesel 
Unknown 

Unknown 

Unknown 

Sol,  Diesel 
Unknown 

Unknown 

Unknown 

Pnp 

Sol,  Met 

Met,  POL 

Sol,  CN 

Description' 

Engine  Test/UST 

UST 

Soil  contamination 

Open  storage  area 

Washrack 

Soil  contamination 
Radionuclide 

Open  storage  area 

UST 

UST 

Tank  form 

Spray  booths 

Sewage  treat./UST 

Doc.  destruct.AJST 

Sump 

Soil  contamination 
Laboratory 

Salvage  yard/UST 

Soil  contamination 

Aircraft  fluids 

Magpie  Creek  contam. 

Landnll 

Radio/chem  lab/landfill 
Incinerate  ash  burial  pit 

Open  storage  area 

1 

< 

1  1  1  t  1 

1  1  1  1  1 

1  *  •  1  t 

1  1  1  1  ( 

1  1  1  1  1 

1  1  1  1  1 

1  1  1  1  1  1 

1  1  I  1  1  1 

CS  23 

PSPRL  30 
PSPRL  31 
PSPRL  36 

SA086 

SA087 

SA088 

SA089 

SA090 

SA091 

SA093 

SA094 

SA09S 

SA096 

t-  Pp  O'  ^ 

s  S  S  »  2 

m  ^  M  ^  M 

<<<<<< 

M  V)  V)  c/3  CO 

CS023 

CS030 

CS031 

CS  036 

WP238 

ST239 

55240 

55241 
SD242 

Hill 

SD248 

SS249 

ST250 

ST251 

WP252 

LF023 

DF030 

OT031 

SS036 

sssss 

ts  CO  ^  lO 

2  2  2  2 

Operable 

Unit 

< 

on 
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Table  2-1 

Sumaiary  of  Sites  Identified  at 

McClellan  AFB 

POge  6  of  13 

Status/Regulatory 

Mechanism* 

CERCLA 

CERCLA 

CERCLA 

NFI,  REG-CON 
NH,  REG-CON 

NR,  REG-CON 

CERCLA 

CERCLA 

CERCLA 

NR,  REG-CON 

o  u  u  u  u 

sssss 

O  u  u  u  u 

CERCLA 

CERCLA 

NR,  REG-CON 
CERCLA 

CERCLA 

CERCLA 

UST 

CERCLA/UST 

CERCLA/UST 

UST 

Dates  of 

Opmition 

1957-1982 

World  War  D 

1962-??? 
1956  to  niid-1960s 

Mid  1940s 

1955-1989 

1968-1987 

1951-??? 

1953 

1946-49;.  1965 
1955-1989 

— 

Before  1968-??? 
1968-Present 

o 

cS  cS 

44,000 

35,000 

109,200 

50,400 

18,820 

1,700 

5,900 

20,000 

120,000 

5,000 

190,000 

15,000 

84,000 

35,000 

25,000 

125,000 

— 

16,000 

3,600 

6,700 

6,700 

Contaminants* 

Sol,  Met 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

POL,  Sol 

Sol,  Met 

Unknown 

Unknown 

Sol 

POL 

PCB 

Sol,  POL 

Sol,  Other 

Other,  Sol 

Sol,  Other 

Jet  Fuel 

Unknown 

Unknown 

Unknown 

POL,  TCE,  PCE 
POL,  TCE,  PCE 
POL,  TCE,  PCE 
POL 

Description^ 

Abandoned  plating  shop 
Abandoned  IWTP 

Base  Well  18 

Scrap  metal  burial  pit 
Landfill 

Landfill 

Waste  pond 

Open  drainage  ditch 
Abandoned  IWTP 

PCB  storage 

— 

Open  storage 

Oil/paint  storage 

PCB  storage 

Depaint  washrack 

Hazardous  mat.  storage 

Degreaser/paint  booth 
Solvent  spray  booth 

MAT  K  storage 

Indus,  wastewater  tine 

Indus,  wastewater  line 

Fuel  tank 

Oil/water  separator 

Defiiel  fac.  tanks 

Oil/water  separator,  UST 
UST 

Aliases* 

CS  47 

CS  48 

PSPRL35 
UPRL  B-1 

UPRL  B-9 

UPRL  P-2 
UPRL  P-9 
UPRL  S-5 
UPRL  S-12 

UPRL  S-13 
UPRL  S-28 
UPRL  S-29 
UPRL  S-30 
UPRL  S-33 

UPRL  S-34 
UPRL  S-35 
UPRL  S-41 

UPRL  T-8 
UPRL  T-45 
UPRLT-46 
UPRL  T-48 

CS047 

CS048 

PRL035 

PRLB-001 

PRLB-009 

PRL  P-002 
HIL  P  -009 
PRLS-005 
PRLS-012 

PRL  S-013 
PRL  S-028 
PRLS-029 
PRLS-030 
PRL  S-033 

HlLS-034 
PRL  S-035 
PRLS-041 
PRLL-005 
PRLL-006 

PRLT-008 

PRLT-045 

PRI,T-046 

PRLT-048 

PRLT-060 

1 1 

OT045 

WP046 

OT066 

DF035 

LF069 

LP076 

SD078 

SD085 

WF090 

SS097 

— 

SS098 
SSI  13 
SSI  14 
SD115 
SSI  18 

SD119 

SD120 

SD126 

OT162 

OT163 

ST133 

SD154 

SD155 

SD157 

ST171 

Mi 

CS  ^  v> 

n  cn  cn  n 

>0  00  O 

cn  <n  ^ 

Operable 

Unit 

a 
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Table  2-1 

Summaiy  of  Sites  Identified  at 

McClellan  AFB 

Page  7  of  13 

Status/Regulatory 

Mechanism' 

NFI,  REG-CON 
CERCLA 

CERCLA 

CERCLA 

CERCLA 

UST 

CERCLA 

UST 

NFI,  REG-CON 
CF-RCLA 

UST 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CLRCLA 

CERCLA 

CERCLA 

CLRCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

Dates  of 

Operation 

1  t  1  1  1 

1  1  1  1  ) 

1954-1991 

1  !  1  1  1 

■  1  1 

1  1  1 

1950s- 1960s 

1  1  1  I  1 

i  1  1  1  1 

Size  of 

Site' 

<1111 

1  1  1  1  1 

t  t  1  1  1 

1*111 

1  1  I  i  1 

1  1  1  1  i 

i  1  1 

1  1  1 

_ 

120,000 

Contaminants* 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

MOGAS 

Unknown 

POL 

VOC 

Herbicides 

Diesel 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Prip,  Sol,  PCB, 

POL 

Prip,  Sol,  POL 
Unknown 

PCB,  Prip 

Prip 

Description' 

Surface  disposal 

Laboratory 

Washrack 

Paint  shop 

Paint  storage 

Gas  station 

Washrack 

UST 

Hazardous  nut.  storage 

Sump 

UST 

Chemical  storage  area 

Storm  water  drainage 

NW  comer  lot  10  spill 
Chemical  storage  area 

Oil  storage  yard 

Oil  storage  yard 

Spray  booth 

Landfill 

DRMO  storage  area 

Sludge/oil  pit 

Sludge  refuse/landfill 

Landfill 

Landfill 

Landfill 

Aliases* 

1  1  1  1  1 

1  1  1  <  1 

t  1  :  1  1 

11**1 

lilt* 

*  1  1  I  1 

1  1  1 

1  1  1 

PSPRL  29 

CS  7 

PSPRL  8 
PSPRL  9 

CS  10 

CS  11 

SAOOl 

SA002 

SA003 

SA004 

SAOOS 

SA006 

SA007 

SAOOS 

SA009 

SAOlO 

SAOll 

SA013 

SA014 

SAOIS 

SA016 

SA017 

SA018 

SA019 

PRL029 

SA012 

CS007 

PRL008 

PRL009 

CSOlO 

CSOll 

1 1 

WM 

ST189 

SS191 

SD192 

SS193 

SD194 

55195 

55196 
SD197 

OT029 

SS190 

SD007 

LF008 

LF009 

LFOlO 

LFOll 

21  e 

—  fn  ^  m 

m  K)  V)  V)  m 

vp  r**-  00  Q 

tn  m  in  VT  « 

—  <s  en  ^  m 
^  ^  ^  ^ 

00 

S  £  £ 

^  9 

\o 

^ 

^  ^  ^ 

Operable 

Unit 

a 

s 

u 
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Table  2-1 

Sinunary  of  Sites  Identified  at 

McClellan  AFB 

Page  8  of  13 

Status/Regulatory 

Mechanism' 

CERCLA 

CtRCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

Dates  of 

Operation 

1  1  1  1  1 

1  1  1  1  1 

1957-1959 

1957-1959 

1956-1957 

1956-1957 

1955-1974 

Before  1971 
1946-1971 

1982-1989 

1958??? 
Circa  1970 
1951-1989 

1957-1974 

1956 

Early  1950s 
Early  1950s 

*s 

alj 

§  §  §  °  ° 
wT  ^ 
m 

40,000 

40,000 

40,000 

50,000 

50,000 

3,000 

160 

20,000 

45,000 

11,000 

180,000 

20,000 

96,000 

6,300 

900 

100,000 

29,000 

80,000 

900 

500 

Contaminants* 

Prip 

Prip 

Prip 

Unknown 

Unknown 

Sol 

Unknown 

Unknown 

Sol,  POL 

VOC,  Sol 

Prip 

Prip 

Prip 

Unknown 

Unknown 

Unknown 

Prip 

Sol 

Unknown 

Sol 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Description" 

Landfill 

Landfill 

Landfill 

Sodium  valve  trench 

Sodium  valve  trench 

Landfill 

Landfill 

Landfill 

Sludge/oil  pit 

Sludge/oil  pit 

Sludge  pit 

Rad. /hazardous  wastes 

Bum  pit 

Landfill 

Settling  pond 

Holding  pond 

Bum  pit 

Settling  pond 

Storage  area 

Acid  storage  area/landfill 

Storage  area 

Landfill 

Holding  pond 

Chemical  waste  pit 

Chemical  waste  pit 

Aliases* 

CS  12 

CS  13 

CS  14 

PSPRL  15 
PSPRL  16 

PSPRL  17 
PSPRL  18 
PSPRL  19 
PSPRL  20 
PSPRL  21 

PSPRL  28 
PSPRL  32 

CS  43 

PSPRL  49 
PSPRL  50 

PSPRL  51 

CS  52 

PSPRL  53 
PSPRL  54 
PSPRL  55 

PSPRL  56 
PSPRL  57 
PSPRL  60 
PSPRL  61 
PSPRL  62 

CS012 

CS013 

CS014 

PRL  015 
PRL016 

PRL  017 

PRL  018 

PRL  019 

PRL  020 

PRL  021 

PRL  028 

PRL  032 
CS043 

PRL  049 

PRL  050 

PRL  051 
CS052 

PRL  053 

PRL  054 

PRL  055 

PRL  056 

PRL  057 

PRL  060 

PRL  061 

PRL  062 

fi  a 

LF012 

LF013 

LF014 

DP015 

DF016 

LF017 

LF018 

LF019 

DP020 

DP021 

DP028 

SS032 

LF043 

LFD47 

WP048 

WP049 

DP050 

WP051 

55052 

55053 

SS054 

LF055 

WP056 

WP057 

WP058 

Ml 

Vi  Z 

VO  r-  00  Q 
r-  r-  00 
^ 

—  <s  cn  ^ 

M  00  00  00  00 

v©  00  O'  O 

00  00  00  00  ^ 

^  M  ^  ^ 

^  ^  ^  ^ 

196 

197 

198 

199 

200 

Operable 

Unit 

U 
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Table  M 

Summaiy  of  Sites  Identified  at 

McClellan  AFB 

Page  9  of  13 

Status/Regulatory 

Mechanism* 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

OSD/NVZ 

OSD/NVZ 

OSD/NVZ 

OSD/NVZ 

OSD/NVZ 

Dates  of 

Operation 

1946-1989 

1941-1989 

1968-1989 

1968-1989 

1946-1968 

1946-1960S 

1  <  <  1  1 

1  1  1  1  1 

CM  iS 

20,000 

40,000 

47,000 

47,000 

10,080 

40,000 

106,000 

11,000 

13,000 

10,500 

20,000 

50,700 

15,000 

15,600 

Contaminants* 

Unknown 

Unknown 

Unknown 

Unknown 

Flip,  POL 

Unknown 

PCB,  POL,  Sol 
Paints,  POL,  Sol 
Paints,  POL,  Sol 
VOC 

Unknown 

Unknown 

Prip,  Sol,  PCB, 

POL 

Prip 

Prip,  PCB,  POL 
Prip 

Prip 

Unknown 

Prip 

POL,  Prip,  Sol 

Prip 

Prip,  Sol,  POL 

Prip 

Description* 

Unlined  ditch 

Unlined  ditch 

Landfill 

Ditches  and  pond 

Landfill 

Groundwater  treat,  plant 

BCE/PCE  storage 

Aircraft  paint  hangar 

Paint  storage  area 

Magpie  Creek 

Unknown 

W  of  Bldg.  720 

Bum  pit/landiill 

Landfill 

Oil  storage/landfill 

Sludge  ponds 

Bum  pit 

Indus,  wastewater  line 

Landfill 

Sludge/oil  pit 

Sludge/oil  pit 

Sludge/oil  pit 

Sludge/oil  pit 

PSPRL  63 
PSPRL  64 
PSPRL  65 
PSPRL  66 

CS  67 

CS22 

PSPRL  41 
CS42 

PSPRL  68 
CS69 

•—  CS  cn  ^ 

(0  M  CO  CO  CO 

U  U  U  U  U 

Aliases* 

. 

PRL063 

PRL064 

PRL065 

PRL066 

CS067 

PRLS-011 
PRLS-031 
PRL  S-032 
PRL  P-OIO 
PRLS-046 
PRLS-048 

CS022 

PRL  041 
CS042 

PRL  068 

CS069 

PRLL-007 

CSOOl 

CS002 

CS003 

CS004 

CS005 

SD0S9 

SD060 

LF061 

WP062 

WF063 

WP068 

LF022 

LP041 

LF042 

WP064 

DP065 

OT164 

LFOOl 

LF002 

LF003 

DP004 

DP005 

a'd 

201 

202 

203 

204 

205 

206 

S  S  8  2  =  2 

fs  CS  d  IS 

cn  ^  m  NO  r-  00 

CS  CS  CS  fS  CS  CS 

ON  Q  —  CS 

^  d  CS  CS  CS 

d  d  d  d  d 

Operable 

Unit 

U 

u 

Q 
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Table  M 

Summary  of  Sites  Identified  at 

McClellan  AFB 

Page  10  of  13 

Status/Rcgulatory 

Mechanism* 

OSD/NVZ 

OSD/NVZ 

OSD/NVZ 

NH,  REG-CON 
CERCLA 

CERCLA 

OSD/NVZ 

OSD/NVZ 

OSD/NVZ 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

Dates  of 

Operation 

Late  40s-Early  SOs 
1972 

.  1  i 

4 

w 

? 

s 

J3 

1  t 

! 

till 

1  i  1  1 

1  1  1  1  1 

1  i  1  1  1 

Size  of 

Site' 

7,500 

40,000 

100 

2,000,000 

5,000 

1,000 

9,200 
8,400 
600  acres 

O  CO 
so  VC 

627,200 

liii 

00  oC  so  CS 

^  j.  - 

12,500 

12,500 

10,000 

Contaminants* 

Sol,  Met,  POL 

Sol,  Met 

Unknown 

Sol 

POL,  Sol 

Sol 

Sol,  Met,  Prip 

Sol,  POL,  Prip 

Sol,  POL,  Prip, 

Met 

VOC 

Unknown 

Sol,  Rad 

Unknown 

Sol,  POL 

POL,  Sol 

Sol,  POL 

Sol 

Sol 

Sol 

Sol 

Unknown 

Unknown 

Description^ 

Oil  bum  pit 

Sludge/oil  burn  pit 

Sodium  valve  trench 

IWTP  sludge  landfarm 

Open  ditch 

Bldg.  1093 

Sludge  disposal  pit 

Fuel/sol  vent/oil  bum  pit 
Puel/solvent  sludge  pit 
Vadose  zone  contam. 

Paint  waste  landfill 

Storage  area 

Waste  area 

Hobby  shop/washrack 
Aircraft  washrack 

Aircraft  maintenance  area 
USX 

USX 

USX 

Stoddard  solvent  tank 

Indus,  wastewater  line 

USX 

Aliases* 

CS6 

CS  26 

PSPRL  27 
PSPRL33 
UPRL  P-7 

UPRLT-11 
CS  A 

CS  S 

CSX 

PSPRL  45 
UPRL  S-10 

'9 

CQ 

CL) 

S 

ffi 

cu 

UPRL  S-42 
UPRL  S-43 
UPRLS-44 
UPRLT-31 

UPRL  T-32 
UPRL  X-33 
UPRL  X-44 

CS006 

CS026 

PRL027 

PRL033 

PRL  P-007 

PRLT-011 

CS  A 

CS  S 

CSX 

PRL  045 

PRL  S-010 

PRL  S-042 
PRLS-043 
PRLS-044 
PRLX-031 

PRL  X-032 
PRL  T-033 
PRLX-044 
PRLL-001 
PRLX-062 

m  --  CS  cn  00 
fi-i  m  irj  v*> 

b  flu  CL  flu  An 

fn  OQO  Q 

LF044 

SS095 

LF074 

e-  00  O'  IT) 
r4  c4  n  ^ 

Q  2  O  H 
m  M  CO  M 

SX146 

SX147 

SX150 

0X158 

SX173 

ll 

^  r-  00 

<S  H  ^  CS 

CS  CS  CS  CS  CS 

as  Q  CS  CO 

CS  CO  CO  CO  CO 

CS  CS  CS  CS  CS 

^  SO 

CO  CO 

CS  CS 

236 

00  Os  o 

CO  CO  CO  ^ 

CS  CS  CS  CS 

CS  CO  ^  SO 

^  ^  ^  ^  ^ 

fS  CS  CS  CS  CS 

Operable 

Unit 

o 

a 

Ul 

tt. 

o 
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Most  of  these  compounds  have  also  been  detected  in  groundwater  at 
various  locations  underneath  the  Base  (McClellan  AFB,  1993). 

Results  of  groundwater  samples  collected  on  and  in  the  vicinity  of 
McClellan  AFB  confirm  the  presence  of  a  variety  of  contaminants,  prin¬ 
cipally  VOCs  and  metals.  Local  residents  have  historically  used  ground- 
water  for  irrigation  purposes;  however,  the  Air  Force  has  provided 
public  water  to  these  residents  in  response  to  the  contamination  problem, 
reducing  the  reliance  on  individual  domestic  wells  in  areas  to  the  west 
and  southwest  of  the  Base. 

This  section  focuses  on  the  purpose  of  investigations  conducted  both  in 
the  past  and  present  at  McClellan  AFB  and  a  summary  of  the  findings 
that  affect  characterization  of  groundwater  contamiiuUion  at  the  Base. 
Description  of  all  investigative  activities  will  be  provided  in  the  Basewide 
RI  report.  A  summary  of  major  investigations  at  McClellan  AFB  is 
given  in  Table  2-2. 


2.2  Source  Area  Investigations,  Geological 
Investigations,  and  Soil  and  Vadose 
Zone  Investigations 

In  1981,  CH2M  HILL  conducted  Phase  I  of  the  IRP  and  investigated  the 
historic  waste  handling  and  disposal  practices  to  determine  the  potential 
for  migration  of  hazardous  materials  offbase.  A  search  of  records  was 
performed  to  identify  and  prioritize  past  activities  that  may  have  contami¬ 
nated  groundwater.  Results  of  the  search  discovered  that  organic  sol¬ 
vents  were  detected  in  the  groundwater  underlying  the  Base  and  that 
PCBs  were  contained  in  the  soil  in  a  soudl  area  at  the  northwest  comer 
of  the  runway  clear  zone.  Recommendations  were  made  to  implement  an 
expanded  monitoring  program  to  determine  the  geographic  extent  of 
organic  compoimds  in  the  groundwater. 

In  1986,  McClaren  Environmoital  Engineering  began  a  shallow  explora¬ 
tion  program  at  McClellan  AFB  as  part  of  the  IRP  implemented  in  1981. 
Soil  borings  were  drilled  to  further  define  the  extent  of  contamination  of 
sites  identified  during  IRP  Phase  I.  The  study  area  consisted  of  Areas 
A,  B,  C,  and  Other  Sites  not  defined  by  specific  boundaries.  The  results 
from  these  investigations  identified  those  sites  which  required  further 
study. 


2.2.1  Operable  Unit  A 

Jacobs  Engineering  Group  has  been  conducting  an  RI  at  OU  A  since 
1992,  with  a  draft  report  to  be  issued  in  1996.  While  conclusions  from 
the  RI  are  not  yet  available,  preliminary  findings  have  identified  several 
releases  to  soil  representing  potential  sources  of  groundwater  contamina¬ 
tion.  On  the  basis  of  the  available  information,  these  potential  release 
sources  include  leaks  from  the  Industrial  Wastewater  Line  (IWL),  under¬ 
ground  storage  tanks  and  fuel  distribution  lines,  spills  from  hazardous 
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Table  2-2 

Summary  of  M^lor  InrcatigotioM  at  McClellan  AFB 

Year 

Contractor 

Scope 

Conclu^ns 

1981 

CH2M  HILL 

IRP  Phaae  1— Initial  aaaeaamentof  contamination 

Past  diqiMwal  sites  in  all  areas  of  the  Base 
were  identified. 

1983 

Bngiaeering 

Science 

Dtp  Phaae  D— Definitioa  and  tpianrification  of 
contamination;  iin|deiueatation  of  a  monitoring 
program  to  detennifke  the  extent  of  groundwater 

Base  productioa  wdls  could  be  serving  as 
conduits  for  contamiiudion  to  migrate  to 
deeper  aquifers. 

Lii<lorff& 

Scalmanini 

Review  of  ptevknia  inveatigatioiia 

Aquifers  are  not  sqiarated  fimn  one 
another  and  provide  a  natural  path  for 
contaminant  migralion. 

1984 

Radian 

CMpoialion 

Determinatioa  of  the  ruture  and  extent  of  contanh- 
nalkm  in  weUa  ofibaae 

Public  health  hazards  were  identified  and 
remedial  alternatives  assessed. 

198S 

McLaren 

Environmental 

Engineering, 

Inc. 

DrOling  of  aoil  boringa  to  furthM  define  the  extent 
of  contamiiuttion  at  ailea  identified  during  IRP 
Phaael 

Some  sites  required  fiirther  investigation; 
others  did  not. 

1986 

Radian 

Corporation 

Groundwater  Sampling  and  Analyaia  Program 

The  presence  and  concentration  of  contam¬ 
inants  was  determined  and  migration  over 
time  was  evaluated. 

1988 

Idaho  Nadonal 

Engineering 

Laboratory 

Characterization  of  the  induatrial  wastewater 
collection  system 

Sanq>les  were  collected  and  compared  to 
hazardous  waste  criteria.  Also,  the 
integrity  of  the  collection  system  piping 
was  evaluated. 

1989 

Radian 

Corporation 

Engineering  Evaluation/Cost  Analysis-Environ¬ 
mental  Assessment 

Three  plumes  exist  in  the  southwest  part 
of  the  Base.  Removal  actions  were 
recommended. 

1989 

Radian 

Corporation 

Area  B  Groundwater  Operable  Unit  Investigation 

Hydrogeologic  charactmislics  of  the  south¬ 
west  portion  of  the  Base  were  charactn-- 
ized;  the  horizontal  and  vertical  extent  of 
groundwater  contamiiiation  were 
evaluated. 

1991 

Radian 

Corporation 

Prdimiiuuy  Groundwater  Operable  Unit 
Investigation 

A  conceptual  model  of  the  hydrogeology 
was  developed  and  the  extent  of  ground- 
water  contamination  at  McClellan  AFB 
was  investigated. 

1992 

CH2M  HILL 

Operable  Unit  D  Remedial  Investigation 

A  remedial  investigation  was  perfonned  to 
collect  enough  data  to  reduce  the  uncer¬ 
tainty  in  contaminant  type  and  distribution 
at  OU  D.  In  addition,  a  risk  assessment 
was  conducted.  Further  action  to  deter¬ 
mine  the  extent  was  recommended. 

1993 

1 

1 

U.S.  Depart¬ 
ment  of  Health 
and  Human 
Stnvicea 

Public  Health  Assessment  for  McClellan  AFB 

Several  health  actions  are  necessary  for 
the  site. 
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nuterials  storage  areas,  and  wastewater  spills.  Specific  .  rce  areas  for 
groundwater  contaminants  have  not  yet  identified  uu  <  ><J  A. 

Areas  of  suspected  or  confirmed  releases  to  soil  ate  as  follows: 

•  Site  38  (Building  475)— engine  repair  Cscility:  VOCs,  oil 
and  grease  (detected  to  a  depth  of  30  feet  in  soil) 

•  Site  24— former  storage  area  and  bum  pit:  VOCs  detected 
to  a  dq)th  of  79  feet  in  soil 

•  Site  S-24  (Building  375)— aircraft  washrack:  chemical 
storage 

•  Industrial  Wastewater  Treatment  Plant  (IWTP)  No.  3 
(Site  S-7) 

•  Tank  Farm  2  (T-16)— aromatic  VOCs  detected  to  a  depth  of 
25  feet  in  soil 

•  Building  431  (T-57)— former  fire  test  area,  engine  test 
facility 

2.2.2  Operable  Unit  B 

Radian  Corporation  has  been  conducting  an  RI  since  1991,  with  a  draft 
report  to  be  issued  in  June  1994.  While  conclusions  from  the  Rl  are  not 
yet  available,  preliminary  findings  indicate  that  VOCs  in  soil  are  the 
principal  contaminants  of  concern  at  OU  B.  Highest  concentrations  in 
VOCs  measured  in  soil  gas  at  McClellan  AFB  have  been  detected  in  two 
principal  areas  in  OU  B: 

•  Investigative  Cluster  (IC)  1,  which  includes  Sites  36,  47, 
and  48,  and  PRL  L-5D. 

•  IC  7,  which  includes  PRL  S-34,  PRL  L-6,  PRL  S-5,  Site 
S-35,  and  PRL  P-9. 

These  two  ICs  are  considered  to  represent  major  source  areas  for  poten¬ 
tial  VOC  contamination  to  groundwater.  Interim  remedial  actions  have 
bear  initiated  at  these  two  ICs  through  the  Basewide  SVE  EE/CA 
developed  CH2M  HILL.  Other  sources  of  VOC  contamination  in 
subsurface  soil  may  be  associated  with  potential  leaks  from  the  portion  of 
the  IWL  in  OU  B.  Lower  concentrations  of  VOCs  in  soil  gas  have  been 
detected  at  several  other  sites  within  OU  B. 

2.2.3  Operable  Unit  B1 

In  1993,  Radian  Corporation  completed  an  RI/FS  for  OU  Bl.  Results  of 
the  study  show  that  the  principal  pathways  of  exposure  at  OU  Bl  were 
associated  with  PCBs  and  dioxins/furans  in  surface  soil.  Contaminants  in 
soil  at  OU  Bl  were  not  considered  to  represent  significant  sources  of 
groundwater  contamiruUion. 
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2.2.4  Operable  Unit  C 


In  1993,  CH2M  HILL  performed  a  Pieliminaiy  Assessment  (PA)  of 
OU  C  at  McClellan  AFB  as  part  of  Phase  I  of  the  IRP.  The  PA  con¬ 
sisted  of  the  following:  (1)  a  review  of  existing  data;  (2)  literature 
searches,  including  collection  of  data  generated  by  previous  inves¬ 
tigations,  review  of  documents  at  McClellan  AFB,  regulatory  agencies, 
and  other  governmental  agencies;  and  (3)  interviews  of  McClellan  AFB 
employees  to  gather  information  regarding  past  and  present  hazardous 
materials  and  waste  management  practices  within  OU  C.  Limited  addi¬ 
tional  investigation  at  many  of  the  sites  (41  of  the  43  total  sites  in  OU  C) 
was  recommended  to  evaluate  potential  risk  to  workers  on  the  Base.  At 
these  sites,  available  information  does  not  support  the  conclusion  that 
hazardous  materials  pose  a  threat  to  hurrum  health  or  the  envirorunent. 
However,  because  some  uncertainty  remains,  limited  additional  sampling 
was  recommended. 

On  the  basis  of  the  results  of  the  PA,  Radian  Corporation  developed  an 
RI  Sampling  and  Analysis  Plan  (SAP).  The  SAP  outlines  field  proce¬ 
dures,  sample  collection  points,  analytical  methods,  data  handling  and 
analysis,  and  decisionmaking  criteria  for  the  RI.  A  draft  RI  report  for 
OU  C  is  to  be  issued  in  1998. 

2.2.5  Operable  Unit  Cl 

OU  Cl  was  identified  as  a  separate  OU  in  1992  because  of  soil  contam¬ 
ination  that  potentially  represented  a  significant  source  of  groundwater 
contamination.  Jacobs  Engineering  Group  is  presently  conducting  the  RI 
for  OU  Cl,  with  a  draft  report  to  be  issued  in  mid-1994.  Interim  reme¬ 
dial  actions  undertaken  at  OU  Cl  include  the  SVE  EE/CA,  and  a  treat- 
ability  study  investigating  the  use  of  steam  injection/vapor  extraction 
(SIVE).  Air  permeability  and  surface  VOCs  emissions  flux  testing  are 
scheduled  to  be  performed  at  OU  Cl  in  1994. 

In  addition  to  the  ongoing  RI,  CH2M  HILL  designed  a  Phase  in  pilot- 
scale  treatability  investigation  of  SIVE  at  Site  22.  Site  22  is  one  of  six 
waste  disposal  sites  identified  in  OU  Cl.  Originally  intended  for 
installation  in  the  vadose  zone  at  Site  22,  a  preliminary  assessment 
determined  that  it  was  more  economically  feasible  for  use  in  the  saturated 
zone.  This  project  is  curraitly  on  hold  because  of  funding  restrictions. 

2.2.6  Operable  Unit  D 

In  1984,  CH2M  HILL  conducted  a  Site  Characterization  Study  on  OU  D 
to  determine  the  hydrogeology  beneath  the  area  and  to  characterize  the 
waste  disposal  pits  and  the  surrounding  soil.  CH2M  HILL  also  con¬ 
ducted  a  shallow  exploration  program  to  characterize  the  waste  in  the  pits 
and  assess  the  lateral  and  vertical  extent  of  contamirution  from  OU  D. 

In  1992,  an  RI  was  performed  by  CH2M  HILL  to  collect  enough  data 
for  OU  D  to  reduce  the  uncertainly  in  contaminant  type  and  distribution 
to  a  level  that  is  acceptable  for  the  Feasibility  Study  (FS)  so  that  remedial 
alternatives  could  be  furiy  evaluated  and  selected.  Componoits  of  the 
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RI  included  Resident  Crawlspace  and  Ambient  Air  Sampling;  Soil  Vapor 
Monitoring  Well  Sampling;  Shallow  Soil  Gas  Survey;  Soil  Borings  and 
Well  Installations;  and  Monitoring  Well  Sampling.  In  addition,  a  risk 
assessment  was  conducted  to  idmtify  the  contaminants  posing  the  greatest 
threat  and  to  evaluate  potential  exposures  and  adverse  ejects  to  human 
health.  As  a  result  of  this  investigation,  further  action  to  determine  the 
extent  was  recommended.  The  recommendations  were  split  into  three 
categories:  (1)  Feasibility  Study;  (2)  Remedial  Design/Remedial  Action; 
and  (3)  Additional  Data  Collection  and  Evaluation  to  support  (1)  and  (2). 

In  addition  to  the  RI,  CH2M  HILL  is  currently  operating  a  SVE  pilot 
treatment  system  at  Site  S,  a  previously  activated  waste  pit  used  for 
disposal  of  solvents  and  fuel.  The  SVE  system  consists  of  a  network  of 
soil  gas  extraction  wells  set  at  various  depths  in  the  vadose  zone.  The 
extracted  offgas  flow  rate  and  chemical  composition  are  monitored,  and 
the  emissions  are  treated  using  an  onsite  catalytic  oxidation  system  and  a 
hydrochloric  acid  scrubber.  In  addition  to  evaluating  the  applicability  of 
SVE  at  OU  D  and  at  the  Base  in  general,  other  objectives  of  the  investi¬ 
gation  include  evaluating  offgas  emission  control  systems  and  evaluating 
the  degree  of  bioremediation  at  the  site.  Two  innovative  offgas  treatment 
systems  have  been  demonstrated  at  the  site:  Zappit  electron  beam  irradi¬ 
ation  and  the  Purus  Padre  resin  adsorption  system. 


2.3  Groundwater  Investigations 

2.3.1  Earlier  Studies 

As  part  of  the  IRP  Hiase  II,  Engineering  Science  performed  a  study  of 
groundwater  monitoring  well  installation  and  designed  a  sampling 
program  to  quantify  the  magnitude  and  extent  of  contamination  onbase. 
Conducted  in  1983,  the  results  of  the  study  indicated  organic  compounds 
and  trace  metals  were  present  in  shallow  wells  throughout  the  Base.  It 
concluded  that  the  first  water-bearing  zone  in  the  aquifer  (shallow  water¬ 
bearing  zone)  was  contaminated.  Deeper  water-bearing  units  had  con¬ 
taminant  levels  at  or  below  detection  levels. 

In  1983,  Ludorff  &  Scalmanini  reviewed  previous  investigations  to  deter¬ 
mine  if  any  wells  served  as  conduits  for  water  to  move  from  one  aquifer 
to  another.  The  study  identified  base  production  and  monitoring  wells 
that  provided  potential  vertical  conduits  for  contaminant  migration. 

Results  suggested  that  shallow  aquifers  are  not  totally  separated  from 
deep  aquifers,  but  that  confining  layers  are  discontinuous  and  form 
natural  paths  for  potential  contaminant  migration. 

Reconnaissance  borings  and  an  inventory  of  private  wells  offbase  were 
performed  by  Radian  Corporation  in  1984  to  determine  contamination  of 
groundwater  and  geologic  information  offbase.  Data  were  gathered  for 
the  purpose  of  guiding  the  placemrat  of  new  monitoring  wells  onbase  and 
offbase.  Results  from  the  analysis  of  groundwater  samples  identified  the 
presence  of  contamirution  in  several  areas  near  the  Base  boundary. 
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In  1983,  the  McClellan  AFB  Groundwater  Task  Force  established  a 
quarterly  sampling  and  analysis  program  that  involved  240  private  wells 
located  primarily  west  and  south  of  McClellan  AFB.  In  June  1985,  the 
Air  Force  contracted  Radian  Corporation  to  san^le  domestic  wells.  The 
total  number  of  wells  sampled  each  quarter  had  grown  from  approxi¬ 
mately  30  in  mid-1983  to  more  that  120  wells.  Results  from  the  first 
year’s  quarterly  sampling  program  were  used  to  evaluate  the  extent  of 
offbase  contamination  and  as  a  basis  for  providing  bottled  water  to 
owners  of  contaminated  wells.  In  the  spring  of  1986,  McClellan  AFB 
performed  an  offbase  remedial  action  to  provide  municipal  drinking 
water  hookups  to  approximately  SSO  residences  that  used  private  wells 
for  drinking  water  supplies  in  the  area  west  of  the  Base.  Monitoring  of 
offbase  residential  wells  was  discontinued  following  completion  of  the 
offbase  remedial  action. 

In  1986,  Radian  Corporation  began  quarterly  groundwater  sanq>ling  and 
analysis  of  monitoring  wells  onbase  and  offbase.  Conducted  each  quarter 
since  October  1986,  this  Groundwater  Sampling  and  Analysis  Program 
(GSAP)  has  provided  data  to  better  determine  the  presence  and  concen¬ 
tration  of  contamiiumts  in  groundwater  and  has  evaluated  contaminant 
migration  over  time.  In  addition,  water  levels  in  wells  both  onbase  and 
offbase  have  been  determined.  The  GSAP  is  currently  ongoing.  Data 
from  the  GSAP  have  been  used  in  the  risk  assessment  (see  Chapter  5) 
and  the  conceptual  model  (see  Chapter  4)  to  evaluate  the  nature  and 
extent  of  groundwater  contamination  at  McClellan  AFB. 

2.3.2  Preliminary  Groundwater  Operable  Unit 

Remedial  Investigation 

In  1991,  Radian  Corporation  conducted  a  preliminary  R1  of  the  ground- 
water  OU  titled  the  Preliminary  GW  OU  RI.  The  purpose  of 
Preliminary  GW  OU  Rl  was  to  develop  a  conceptual  nxxlel  of  hydrology 
and  to  further  define  the  extent  of  groundwater  contamination.  Data 
collected  in  the  Preliminary  GW  OU  RI  form  the  basis  for  the  conceptual 
model  presented  in  Chapter  4  of  this  RI/PS  report. 

The  following  eight  contaminants  have  been  consistently  detected  in 
groundwater  at  levels  above  federal  drinking  water  standards: 

•  Benzene 

•  1,1-dichloroethene 

•  Carbon  tetrachloride 

•  1,2-dichloroethene 

•  Trichloroethoie 

•  1,2-dichloroethane 

•  Vinyl  chloride 

•  Tetrachloroethene 

Seven  other  contaminants  are  consistently  detected  at  levels  below  federal 
drinking  water  standards;  acetone,  bromodichloroetbane,  2-butanone, 

1,1 -DC A,  4-methyl-2  pentanone,  toluene,  and  trichlorofluoromethane. 
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The  contaminant  having  the  greatest  spatial  extent  is  TCE.  Approxi¬ 
mately  400  acres  are  underlain  by  groundwater  plumes  having  TCE 
concentrations  above  the  federal  drinking  water  standard  of  S  /tg/1,  or 
parts  per  billion  (ppb). 

Using  concentrations  of  TCE  above  1  ppb,  groundwater  contaminant 
plumes  underlay  about  520  acres,  or  about  18  percent  of  the  total  area  of 
the  Base.  The  TCE  plume  also  extends  to  cover  an  additional  70  acres 
offbase. 

Forty-four  organic  compounds  have  been  detected  in  groundwater 
samples  from  wells  at  McClellan  AFB.  Of  these  44,  18  have  been 
detected  consistently;  the  other  26  are  believed  to  have  been  detected  as  a 
result  of  either  field  or  laboratory  contamination,  or  have  been  detected 
at  or  near  method  detection  limits. 

In  OUs  A,  B,  and  C,  higher  concentrations  of  VOCs  are  consistently 
detected  in  samples  from  wells  located  near  branches  of  the  IWL.  The 
suite  of  VOCs  detected  in  groundwater  from  these  wells  and  their  con¬ 
centrations  vary  from  location  to  location.  Cracks,  breaks,  and  contami¬ 
nated  soils  have  been  found  at  locations  along  the  IWL.  If  wastewater  in 
the  IWL  had  been  discharged  through  cracks  or  breaks  over  a  period  of 
years,  the  leaking  water  may  have  provided  a  means  to  carry  dissolved 
contaminants  downward  through  the  unsaturated  zone  to  groundwater. 

Intended  to  be  a  component  of  the  Preliminary  GW  OU  RI,  the  Area  B 
GW  OU  RI  was  given  priority  and  started  prior  to  initiation  of  the 
Preliminary  GW  OU  RI.  The  Area  B  GW  OU  RI  has  since  been 
renamed  the  OU  B  GW  RI.  The  Area  B  GW  OU  RI  assessed  the  poten¬ 
tial  for  migration  of  groundwater  contaminants  to  offbase  areas  southwest 
of  McClellan  AFB  and  further  defined  the  horizontal  and  vertical  extent 
of  groundwater  contamination  in  those  areas.  An  EE/CA-Environmental 
Assessment  (EA)  was  developed  to  initiate  removal  actions  for  contam¬ 
inated  groundwater.  Three  contaminant  plumes  were  identified  in  the 
EE/CA-EA  in  the  southwest  part  of  the  Base. 

The  following  17  recommendations  were  presented  in  Chapter  6  of  the 
Preliminary  GW  OU  RI  (Radian,  1992): 

•  Conduct  an  investigation  of  soil  or  groundwater 
contamination  from  leakage  in  IWL 

•  Sanq)le  and  analyze  groundwater  in  PZ-38 

•  Install  monitoring  wells  to  define  the  direction  of  flow  and 
extent  of  contamination  near  NW-17 

•  Conduct  an  investigation  to  locate  an  extraction  system  in 
the  southwestern  onbase  portion  of  Sector  C 

•  Evaluate  the  effectiveness  of  EW-144  in  removing 
contaminated  groundwater  from  the  A  and  B  zones 
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•  Conduct  an  investigation  of  the  source  of  deep  zone 
contamination  by,  in  part,  installing  monitoring  wells 
adjacent  to  ponds  and  settling  basins  in  Sector  C 

•  Install  B  and  C  zone  monitoring  wells  at,  and  A  and  B  zone 
wells  downgradient  of,  MW-10S3 

•  Install  a  monitoring  well  cluster  between  the  cluster  at 
MW-150,  MW-151,  and  MW-152  and  BW-13 

•  Install  vapor  extraction  system  as  a  pilot  treatability  study  at 
MW-172,  MW-224,  MW-181,  PZ-28.  or  MW-190 

•  Install  an  extraction  well  close  to  EW-140  and  EW-141 

•  Evaluate  the  feasibility  of  using  BW-18  to  control  hydraulic 
gradient  and  contaminant  movement 

•  Evaluate  the  pumping  of  NW-14  and  its  potential  to  induce 
migration  of  contaminated  groundwater  offbase 

•  Evaluate  the  pumping  rates  and  schedules  of  BW-10  and 
BW-29  to  determine  their  effect  on  groundwater  flow 

•  Coordinate  with  local  water  purveyors  within  2  miles  of 
McClellan  AFB 

•  Add  all  Preliminary  GW  OU  RI  wells  to  the  GSAP,  and 
reevaluate  the  objectives  of  the  GSAP 

•  Adopt  the  use  code  for  each  monitoring  well  concerning  its 
suitability  for  use  in  water  level  measurements 

•  Adopt  one  groundwater  operable  unit  agreed  upon  by  the 
Air  Force  and  agencies 

2.3.3  Industrial  Wastewater  Line 

In  1988,  EG&G  Idaho  conducted  a  study  of  the  IWL.  The  purpose  of 
the  study  was  to  obtain  measurements  of  wastewater  flows  and  the 
chemical  constituents  of  the  wastewater,  investigate  the  system's 
integrity,  determine  the  compatibility  of  the  system  to  the  wastewater 
constituents,  and  study  possible  system  alternatives. 

Previous  investigations  have  estimated  that  950  gallons  per  day  (gpd) 
leaked  from  the  IWL  prior  to  1988.  The  recommoidations  of  the  EG&G 
study  completed  in  1988  focused  on  piping  integrity.  Sections  of  the 
underground  pipe  were  recommended  for  replacement,  and  repairs  were 
made  where  possible.  The  compatibility  of  the  pipe  construction 
materials  with  the  wastewater  was  determined  to  be  adequate. 
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Radian  Corporation  stated  in  1991  that  all  piping  had  been  repaired,  and 
reconunended  that  the  nature  and  extent  of  contamination  resulting  from 
the  IWL  be  evaluated  more  completely. 

2.3.4  Interim  Remedial  Measures 

The  major  influence  on  groundwater  flow  in  OU  B  is  the  pumping  of 
BW-18.  At  a  continuous  pumping  rate  of  720,000  gpd  or  more,  BW-18 
would  capture  a  portion  of  the  groundwater  containing  contaminants  in 
OU  B. 

In  OU  C,  the  highest  concentration  of  contaminants  are  detected  in 
Monitoring  Zone  A.  In  late  August  1988,  the  OU  C  interim 
groundwater  extraction  system  was  put  into  operation.  The  extraction 
system  is  controlling  the  movement  of  contaminated  groundwater  in  some 
zones.  The  effectiveness  of  the  system  could  be  improved  by  the 
addition  of  a  well  in  the  A  zone. 

In  OU  D,  contamination  is  detected  mo.st  frequently  in  groundwater  from 
wells  screened  in  Monitoring  Zones  A  and  B.  The  McClellan  AFB  IRP 
Task  Force  recommended  a  groundwater  contamination  containment 
system  that  included  a  cap  over  OU  D  and  the  installation  of  a 
groundwater  extraction  and  treatment  system.  The  cap  was  designed  to 
keep  rainwater  from  percolating  into  the  subsurface  and  further 
mobilizing  contaminants.  This  umbrella  effect  will  restrict  future 
contaminant  migration  in  the  unsaturated  zone  beneath  the  pits.  The  cap 
was  completed  in  1986.  The  six-well  extraction  system  is  effectively 
controlling  groundwater  flow  in  the  zones  known  to  contain  contamina¬ 
tion  in  this  OU. 


2.4  Health  Assessments 

In  1993,  a  Public  Health  Assessment  for  McClellan  AFB  was  prepared 
by  the  Agency  for  Toxic  Substances  and  Disease  Registry  (ATSDR). 

The  Public  Health  Assessment,  which  was  prepared  as  required  under 
Section  104  of  CERCLA,  evaluated  relevant  health  and  environmental 
data  for  all  activities  at  McClellan  AFB.  According  to  the  Public  Health 
Assessment,  the  ATSDR  categorized  McClellan  AFB  as  a  public  health 
hazard,  primarily  on  the  basis  of  the  existence  of  past  exposures  to 
contaminants  in  groundwater  and  the  potential  for  future  exposures 
(ATSDR,  1993).  The  results  from  the  Public  Health  Assessment  are 
discussed  in  further  detail  in  the  risk  assessment  presented  in  Chapter  S. 


2.5  Ecological  Assessment 

The  U.S.  EPA  (Region  IX)  performed  a  preliminary  ecological  survey  of 
McClellan  AFB  to  meet  requirements  set  forth  by  the  CERCLA  remedial 
action  program.  Two  surveys  were  conducted  during  the  fall  of  1992. 
The  site  surv  eys  identified  four  critical  habitats  that  have  the  potential  to 
be  impacted  by  site  discharge  and/or  disposal  practices  onsite.  Further 
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study  including  site  surveys,  and  surface-water  and  sediment  sampling 
was  recommended.  Subsurface  groundwater  remediation  needs  to  be 
assessed  as  the  discharge  of  treated  groundwater  and/or  the  change  of  the 
water  table  may  impact  the  critical  habitats.  Impacts  caused  by 
hazardous  waste  have  yet  to  be  defined  in  these  areas. 


I 
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Chapter  3 

Physical  Characteristics  of  the  Study 
Area 

3.1  Surface  Features 

McClellan  AFB  is  located  in  the  Great  Valley  Physiographic  Province, 
which  extends  north  120  miles  to  Redding  and  approximately  400  miles 
south  to  Bakersfield  (California  Department  of  Water  Resources 
[CDWR],  1974).  The  Great  Valley  Province  is  ^proximatcly  40  miles 
wide  and  consists  of  the  Sacramento  Valley  to  the  north  and  the  San 
Joaquin  Valley  to  the  south  (CDWR,  1974;  1978).  The  Sacramento 
VaUey  is  bordered  by  the  Sierra  Nevada  to  the  east  and  the  Coast  Range 
Mountains  to  the  west. 

McClellan  AFB  is  located  on  the  east  side  of  the  Victor  Plain,  an  alluvial 
plain  lying  along  the  eastern  side  of  the  Sacramento  Valley.  The  Victor 
Plain  was  created  by  accumulation  of  sediments  eroded  from  the  Sierra 
Nevada  and  alluvium  originating  from  several  local  sources.  It  is  nearly 
flat  and  is  dissected  by  numerous  westerly  flowing  streams  draining  the 
Sierra  Nevada  (CDWR,  1978). 

The  land  surface  at  the  Base  slopes  gently  to  the  west.  Elevations  range 
from  75  feel  above  mean  sea  level  (msl)  on  the  east  side  of  the  Base  to 
approximately  50  feet  msl  on  the  west  side,  yielding  a  ground  surface 
with  low  topographic  relief. 

The  major  drainages  in  the  vicinity  of  the  Victor  Plain  are  the 
Sacramento  and  American  Rivers.  The  Sacramento  River  originates  on 
the  slopes  of  Mount  Shasta  in  Northern  California;  downstream  of  Shasta 
,  Lake  it  is  fed  predominantly  by  the  Feather,  Yuba,  and  Bear  Rivers  from 

1  the  east  before  reaching  its  junction  with  the  American  River  near 

Sacramento.  The  Sacramento  River  collects  drainage  from  the  Cascade 
,  Range  and  the  Sierra  Nevada.  It  flows  approximately  6  miles  west  of 

McClellan  AFB.  The  American  River  originates  in  the  Sierra  Nevada 
east  of  the  Base.  It  consists  of  three  forks  flowing  westerly  and  converg¬ 
ing  east  of  Sacramento.  The  American  River  is  located  approximately 
7  miles  south  of  the  Base.  These  features  are  shown  in  Figure  3-1. 


3.2  Surface  Water 

Surface-water  in  the  Sacramento  Valley  originates  in  the  Cascade  Range 
and  Sierra  Nevada  to  the  north  and  east,  and  from  the  east  side  of  the 
Coast  Ranges  to  the  west.  The  Sacramento  and  American  Rivers  are  the 
major  drainages  in  the  vicinity  of  the  Base. 
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Surface-water  drainage  in  the  vicinity  of  the  Base  occurs  predominately 
through  Magpie,  Don  Julio,  Robla,  Rio  Linda,  and  Arcade  Creeks. 

These  creeks  are  fed  by  the  McClellan  AFB  storm  drainage  system, 
which  is  a  network  of  storm  drains  and  channels  that  collect  runoff  from 
streets  and  runways.  Runoff  is  directed  into  the  storm  drainage  system 
and  leaves  the  Base  via  Magpie  Creek,  which  then  discharges  into  the 
Natomas  East  Drainage  Canal  west  of  the  Base.  The  Canal  flows  south 
and  west  until  it  discharges  into  the  Sacramento  River,  just  east  of  the 
confluence  of  the  American  and  Sacramento  Rivers. 

The  drainage  patterns  of  some  of  these  creeks  have  been  modifled  within 
the  Base  boundary  for  building,  runway,  and  road  construction.  Magpie 
Creek  has  undergone  the  most  extensive  changes  since  the  Base  opened. 

Mi^ie  Creek  has  been  an  industrial  ditch  since  McClellan  AFB  began 
operating  in  the  1930s.  Water  in  Magpie  Creek  was  diverted  to  a 
skimming  basin  in  194S  and  two  oxidation  ponds  in  1959  prior  to  leaving 
the  Base  to  the  west. 

Over  the  years.  Magpie  Creek’s  creek  bed  lying  within  the  Base  bound¬ 
ary  has  been  partially  channelized  and  diverted  several  times.  Between 
1943  and  1945,  the  original  streambed  was  routed  to  accommodate 
runway  expansion.  In  1953,  the  southwestern  portion  of  Magpie  Creek 
was  routed  north.  The  portion  of  creek  bed  near  Building  694  was 
rerouted  in  1972  when  the  flight  air  terminal  was  constructed  east  of 
Building  694.  The  last  change  to  Magpie  Creek  occurred  in  1989  when 
the  extension  to  Building  783  was  constructed,  and  Magpie  Creek  was 
moved  to  the  north. 

Once  lined  with  tules  and  weeds  growing  in  and  along  the  banks,  the 
slopes  of  Magpie  Creek  were  later  paved  with  concrete,  and  the  bottom 
was  lined  with  corrugated  metal  pipe  starting  near  Build'mg  737  and 
ending  near  Building  790A.  A  section  of  creek  upstream  of  Building  737 
was  unlined  until  1969.  Asphalt  and  concrete  chunks  and  construction 
debris  were  used  to  stabilize  the  sides,  but  the  bottom  remains  unlined. 

Don  Julio  Creek,  located  near  PRL  SO,  discharged  to  properties  west  of 
the  Base  until  1957  when  it  was  connected  to  the  skimming  basin  in 
Magpie  Creek.  Another  tributary  located  in  an  op«i  field  behind  Test 
Stands  772  through  774  has  also  been  connected  to  the  portion  of  Don 
Julio  Creek  that  is  off  base  since  operations  began  in  the  1940s  (on  the 
basis  of  aerial  photographs  of  OU  C).  This  tributaiy  is  not  lined  now 
and  does  not  appear  to  have  been  lined  in  the  past. 


3.3  Meteorology 

McClellan  AFB  is  located  in  the  Sacramento  Valley  Air  Basin  (SVAB). 
The  SVAB  encompasses  several  counties  extending  north  irom 
Sacram«ito  County  to  Shasta  Coun^  and  is  bounded  by  the  Sierra 
Nevada  to  the  east  and  the  Coastal  Ranges  to  the  west.  Prevailing  winds 
are  usually  oriented  along  the  major  axis  of  the  Sacramento  Valley, 
approximately  following  a  southeast-northwest  pattern. 
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In  the  winter,  northerly  and  southerly  flow  patterns  are  predominant 
during  the  day;  calm  conditions  predominate  during  the  late  evening  and 
early  morning.  During  spring  and  summer,  the  predominant  flow  pattern 
is  the  delta  or  sea  breeze.  Northerly  winds  and  the  sea  breeze  predomi¬ 
nate  in  the  fall.  Full  sea  breeze  conditions  occur  29  percent  of  the  year; 
northerly  winds  occur  20  percent  of  the  year  (California  Air  Resources 
Board  [CARB],  1984). 

Climate  in  the  SVAB  is  moderate,  with  mild  winters  and  hot,  dry  sum¬ 
mers.  Average  daily  maximum  temperatures  range  from  53°  to  S4°F  in 
January  to  93°  to  98°F  in  July  (University  of  California,  Berkeley, 
undated).  Mean  aimual  precipitation  from  1875  to  1975  in  the  SVAB 
was  approximately  24  inches  (Kahrl,  1978).  Approximately  90  percent 
of  the  rainfall  occurs  between  November  and  April  with  little  or  no 
precipitation  from  late  spring  to  early  fall.  Most  of  the  rainfall  is  asso¬ 
ciated  with  Pacific  storms,  which  are  frequent  in  winter  (National 
Oceanic  and  Atmospheric  Administration  [NOAA],  1989). 


3.4  Geology 

3.4.1.  Regional  Geology 

McClellan  AFB  is  centrally  located  within  the  Great  Valley  geomorphic 
province,  a  wedge-shaped  accumulation  of  sediments,  bounded  on  the 
west  by  the  Coast  Range  and  on  the  east  by  the  Sierra  Nevada.  The 
Great  Valley  is  approximately  400  miles  long,  tunning  from  Redding  in 
the  north  to  Bakersfield  in  the  south.  The  Sacramento  River  drains  the 
northern  portion  of  the  valley,  and  the  San  Joaquin  River  drains  the 
southern  portion.  The  wedge  of  sediments  that  comprises  the  Great 
Valley  was  accumulated  in  a  downwarped  "trough"  between  late 
Mesozoic  to  late  Cenozoic  time  (from  approximately  144  million  to 
10,000  years  ago).  This  trough  now  assumes  an  asymmetrical  shape 
because  of  uplifling  of  the  Sierra  Nevada  along  the  eastern  edge.  The 
greatest  thickness  of  sediments  is  in  the  western  portion  of  the  Great 
Valley  (estimated  to  be  20,000  feet  thick)  and  generally  thins  to  the  east, 
in  the  Sierra  Nevada  foothills  (Norris,  1990). 

The  Great  Valley  is  unusual  for  a  lowland  valley  because  it  is  a  relatively 
undeformed  valley  bounded  by  highly  deformed  rock  units  in  the  Coast 
Range  and  in  the  western  Sierra  Nevada.  Because  the  entire  valley  lacks 
topographic  relief,  rock  exposures  are  poor.  Most  of  the  valley  sub¬ 
surface  has  been  inferred  from  well  records  from  oil,  gas,  and 
groundwater  wells.  The  valley  and  the  area  where  McClellan  AFB  is 
located  in  particular  consist  of  sediments  and  rock  units  derived  from 
alluvial,  fluvial,  flood,  and  deltaic  deposits  of  the  Sacramento  and  San 
Joaquin  Rivers,  and  from  alluvial  fan  accumulations  at  the  base  of  the 
Sierra  Nevada  foothills.  The  specific  rock  units  that  are  exposed  at  the 
ground  surface  in  the  vicinity  of  McClellan  AFB  are  shown  on 
Figure  3-1. 
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The  Great  Valley  persisted  as  a  shallow  marine  embayment  during  the 
late  Mesozoic  and  early  Cenozoic  (144  million  to  SO  million  years  ago). 
During  this  time,  sediments  were  deposited  with  saline  connate  water 
(origiiud  interstitial  water),  forming  the  salt-bearing  Chico  Formation  that 
overlies  much  of  the  Sieiran  basement  rock  underlying  the  valley 
(Norris,  1990;  CDWR,  1974).  Because  there  are  no  surface  exposures 
of  the  Chico  Formation  in  the  area  shown  in  Figure  3-1,  it  is  not 
included  in  the  legend. 

The  lone  Formation  represents  a  time  of  transition  between  marine  and 
nonmarine  deposits,  including  sandstone  and  peat-rich  clay  beds.  The 
lone  Formation  is  believed  to  have  been  deposited  during  the  Eocene  (an 
epoch  spanning  approximately  55  million  to  38  million  years  before 
present.)  The  lone  Formation  is  generally  thought  to  be  nonwater¬ 
bearing,  but  contains  water  of  brackish  quality,  indicative  of  saltwater 
diluted  by  freshwater. 

The  overlying  Valley  Springs  Formation  consists  of  ash  deposits  that 
have  weathered  to  form  low  permeability  clay  with  some  sand  and 
gravel.  The  Valley  Springs  Formation  is  also  considered  nonwater¬ 
bearing  and  is  believed  to  have  been  deposited  between  24  to  19  million 
years  ago  (Radian,  1992).  Below  McClellan  AFB  the  Chico,  lone,  and 
Valley  Springs  Formations  are  generally  grouped  as  ’pre-Mehrten”  sedi¬ 
ments.  These  units  are  thought  to  underlie  the  site  at  depths  exceeding 
600  feet  below  ground  surface  (bgs)  (CDWR,  1974). 

The  Mehrten  Formation  is  generally  divided  into  two  units:  a  nonwater¬ 
bearing,  low  permeability,  tuff  breccia,  or  "lava,"  and  the  water-bearing 
andesitic  "black  sands. "  These  units  are  Mio-Pliocene  in  age.  (Mio- 
Pliocene  refers  to  the  transition  from  the  Miocene  to  Pliocene,  approxi¬ 
mately  6  to  5  million  years  before  present.)  The  black  sand  unit  is 
known  for  producing  large  quantities  of  good  to  excellent  quality  ground- 
water  (CDWR,  1978).  According  to  well  data,  this  unit  is  believed  to 
underlie  the  site  at  a  depth  of  approximately  200  feet  bgs  (Radian,  1992). 

Three  units  overlie  the  Mehrten  Fo^  .  ation  in  the  vicinity  of  McClellan 
AFB:  the  laguna,  Turlock  Lake  me  <iverbank  Formations  (formerly 
referred  to  as  the  Mehrten,  Fair  and  Victor  Formations,  respec¬ 

tively)  (Radian  1992).  The  Laguna  Formation  is  thought  of  as  the  tran¬ 
sition  from  volcanic  to  continratal  deposits  and  consists  of  feldspathic 
silt,  clay,  and  sand  deposits  with  occasional  hardpan  deposits.  The 
feldspar  has  typically  weathered  to  clay.  The  tan  or  "white"  clay  or 
micaceous  layers  serve  as  marker  beds  for  this  formation. 

The  Turlock  Lake  Formation  is  similar  to  the  underlying  Laguna  Forma¬ 
tion,  except  feldspars  tend  to  be  less  weathered.  The  contact  betweoi  the 
two  is  thought  to  be  an  erosional  unconformity  indicating  up  to  30  feet  of 
relief  at  the  time  of  dqwsition  (Radian,  1990);  however,  the  two  units 
are  often  difficult  to  distinguish.  They  are  considered  to  be  of  Pliocene 
age  (The  Pliocene  epoch  occurred  between  5  to  1.6  million  years  ago.) 
The  Riverbank  Formation  is  composed  of  feldspathic  sediments  deposited 
in  a  fluvial  or  alluvial  environment,  during  the  Pleistocene  epoch  (the 
Pleistocene  epoch  occurred  approximately  1.6  million  to 
1 1,000  years  ago.)  Typically,  the  Riverbank  Formation  has  better 
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water-bearing  characteristics  than  the  Laguna  or  Turlock  Lake 
Formations,  making  it  an  important  unit  for  shallow  irrigation  wells. 

For  a  more  detailed  description  of  regional  geology,  the  reader  is 
referred  to  the  Preliminary  GW  OU  RI  (Radian,  1993).  The  remainder 
of  this  section  pertains  to  geologic  conditions  specific  to  the  Base. 

3.4.2  Site  Geology 
Introduction 

The  lithology  below  the  Base  is  dominated  by  coalescing  deposits  from 
two  depositional  sources,  alluvial  and  fluvial.  These  deposits  consist 
primarily  of  sand,  silt,  and  clay  in  various  combinations  with  localized 
occurrences  of  gravel.  These  deposits  were  frequently  transported  and 
redeposited  by  local  streams.  The  general  direction  of  streamflow  was 
southwest  to  west.  This  trend  is  in  agreement  with  the  overall  trend  for 
Great  Valley  deposits.  Erosion  and  redeposition  of  sediments  makes 
distinction  between  units  difficult,  especially  when  the  basis  for 
distinction  is  soil  samples  or  geophysical  logs  from  boreholes.  In 
addition,  meandering  and  abandonment  of  channels  has  produced 
complex  site  stratigraphy  dominated  by  lenses  of  material  with  little 
lateral  or  vertical  continuity. 

The  stratigraphy  of  Monitoring  Zones  A  through  E  reflects  changes  that 
have  occurred  in  the  depositional  setting  and  variations  in  meteorological 
conditions.  During  deposition  of  the  C,  D,  and  E  zones,  the  vertical 
relief  between  the  young  Sierra  foothills  and  the  Base  was  greater  than 
exists  under  current  conditions.  The  steep  gradient  produced  high  energy 
streams  capable  of  carrying  coarse-grained  sediments  over  relatively 
large  distances.  Relative  to  the  A  and  B  zones,  these  deposits  have 
extensive  vertical  and  lateral  extent.  As  erosion  decreased  the  elevation 
of  the  foothills,  the  resulting  sedimentation  increased  the  elevation  of  the 
valley  floor.  This  reduction  in  vertical  relief  produced  finer  grained 
deposits  with  reduced  lateral  and  vertical  extent.  In  addition,  the  low 
energy  environment  increased  the  sinuosity  of  the  stream  system, 
resulting  in  a  meandering  system  prone  to  frequent  course  changes.  This 
depositional  setting  contributed  to  the  extreme  heterogeneity  typical  of 
the  younger  deposits  below  the  Base. 

The  stratigraphy  is  also  influenced  by  flooding,  glacial  melting,  drought, 
and  other  meteorological  events.  Events  that  result  in  increased  surface 
runoff  and  velocities  are  reflected  by  an  increase  in  grain  size  Basewide. 
Conversely,  periods  of  reduced  surface  runoff  are  indicated  by  an  overall 
reduction  of  grain  size  at  that  stratigraphic  interval.  Because  the  site  is 
under  the  influence  of  two  depositional  systems  (alluvial  and  fluvial), 
variations  in  stratigraphy  may  also  reflect  fluctuations  in  these  systems. 

Deposits  generally  show  a  greater  degree  of  heterogeneity  in  the  north¬ 
west  portion  of  the  Base,  with  some  deposits  showing  extreme  variation 
over  distances  less  than  25  feet  (Radian,  1993).  Deposits  in  the  southeast 
portions  of  the  Base  are  more  persistent  in  both  vertical  and  lateral 
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extent.  Gravel  occurs  primarily  in  the  C,  D.  and  E  zones  in  the  southern 
portion  of  the  Base  and  is  rare  in  most  other  locations. 

Approach  for  Devetoping  Cross  Secttons 

The  purpose  of  presenting  geologic  cross  sections  is  to  illustrate  how 
variations  in  the  site's  depositional  histoiy  produced  existing  subsurface 
conditions.  In  cases  of  extreme  heterogeneity,  selection  of  the  location 
and  orientation  of  cross  sections  are  critical.  A  thorough  understanding 
of  subsurface  conditions  is  required  prior  to  location  selection  to 
effectively  demonstrate  the  relationship  between  stratigraphy, 
hydrogeology,  and  contaminant  transport.  Because  of  the  complexity  in 
Basewide  geologic  data,  previous  presentations  of  Basewide  stratigraphy 
generally  consist  of  aquifers'  zone  designation  based  on  geophysical  data, 
with  little  or  no  interpretation  of  site  stratigraphy.  To  provide  an  initial 
interpretation  of  site  stratigraphy,  the  classification  of  soils  was  reduced 
to  the  following  three  units: 

1.  Fine-grained  materials  include  silt,  clay,  sandy  silt  or  clay, 
and  gravelly  silt  or  clay  (Also  includes  lean  and  fat  clay, 
although  these  qualifiers  are  rarely  used.)  If  the  soil  is 
classified  in  accordance  with  the  Unified  Soil  Classification 
System  (USCS),  these  materials  should  have  greater  than  SO 
percent  silt  or  clay,  indicating  a  low  energy  depositional 
environment  and  minimal  permeability  within  the  existing 
system.  (Classifications  such  as  silty  clay  or  clayey  silt  are 
not  include  m  the  USCS;  however,  these  materials  are 
obviously  included  within  this  unit.) 

2.  Mediuni'-gnuiMd  materials  include  silty  or  clayey  sand  or 
gravel.  These  materials  have  less  than  SO  percent  clay  or 
silt,  but  greater  than  12  percent.  They  are  indicative  of  a 
medium  energy  depositional  environment,  or  a  transition 
from  low  to  high  energy  (such  as  when  a  channel  shifts 
laterally.)  These  materials  should  exhibit  moderate  perme¬ 
ability  within  the  existing  setting. 

3.  Coarse-grained  materials  include  poorly  graded  or  well- 
graded  sand  or  gravel  (as  defined  in  the  USCS,  it  has  less 
than  S  percent  silt  or  clay.)  These  materials  indicate  a 
relatively  high  energy  environment  and  therefore  are  indica¬ 
tors  of  stream  channels.  These  materials  will  tend  to  have 
the  greatest  permeability  within  the  existing  system  (all 
other  variables  being  equal.) 

Prior  to  preparation  of  the  cross  sections,  these  three  units  were  m^ped 
in  plan  view  in  10-foot  elevation  increments  using  available  well  logs. 
Because  this  area  was  relatively  level  over  the  period  of  deposition  and 
has  undergone  little  subsequent  structural  or  tectonic  disturbance,  this 
approach  is  valid.  These  incremental  plan  view  maps  of  lithology  were 
used  to  evaluate  subsurface  conditions  and  to  select  cross-section 
locations.  The  level  of  detail  as  well  as  the  precision  of  these  logs  is 
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highly  variable;  however,  the  simplificatioo  to  three  units  has  produced 
comparable  lithology  in  most  cases. 

In  most  cases,  the  lithology  within  well  clusters  shows  reasonable 
agreement,  although  some  clusters  show  much  variation.  Where 
discrepancies  were  found  between  logs  for  wells  within  a  cluster, 
lithology  was  based  on  geophysical  logs  from  the  pilot  hole. 

Cross  Section  Interpretation 

The  eight  cross  sections  are  shown  on  Figures  3-2  through  3-8  (located  at 
the  end  of  this  chapter).  Along  several  of  the  sections,  the  well  spacing 
is  quite  variable.  Distances  between  wells  range  from  almost  negligible 
to  over  2,000  feet.  When  a  number  of  closely  spaced  wells  coincide 
along  a  section,  one  well  representative  of  site  conditions  was  selected; 
however,  all  wells  in  the  vicinity  were  considered  while  developing 
stratigraphic  relationships.  Layers  with  a  thickness  of  2  feet  or  less  are 
not  shown  in  the  cross  sections.  Monitoring  wells  with  elevated  VOC 
concentrations  and  wells  that  extend  to  the  C,  D,  and  E  zones  were 
included  on  sections,  whenever  possible.  The  extent  of  contamination  in 
Monitoring  Zones  A,  B,  and  C  is  shown  where  contamination  has  been 
detected.  The  interpretation  of  the  extent  of  contamination  is  presented 
in  Chapter  4. 

The  cross  sections  are  intended  to  provide  a  general  understanding  of 
stratigraphic  relationships,  to  improve  understanding  of  contaminant 
transport,  and  to  provide  guidance  for  future  investigations.  In  most 
cases,  there  is  a  great  deal  of  uncertainty  in  evaluating  how  specific  units 
are  linked  The  actual  conditions  between  well  locations  is  undoubtedly 
more  complex  than  is  shown.  Nevertheless,  the  relationships  shown  are 
consistent  with  the  modes  of  deposition  and  show  agreement  with  inter- 
sectmg  sections.  These  sections  also  compare  favorably  with  the  cross 
sections  presented  in  the  Preliminary  GW  OU  RI  (Radian,  1993).  In 
areas  of  the  Base  where  geologic  data  are  available  with  reduced  space 
between  sites,  such  as  OU  D,  a  more  precise  interpretation  can  be 
provided.  As  additional  information  is  incorporated  into  the  cross 
sections,  the  interpretation  of  stratigraphy  will  be  modified  to  reflect 
actual  conditions. 

Cross  Sections  1,  2,  and  3  are  oriented  perpendicular  to  the 
predominantly  southwestern  flow  direction  of  depositional  channels. 

These  sections  illustrate  the  lateral  migration  of  chatmels  over  time. 

Cross  Sections  4  and  5  are  rqjproximately  parallel  to  the  chaimel  flow 
direction  and  perpendicular  to  Cross  Sections  1,  2,  and  3. 

Cross  Section  6,  parallel  to  Cross  Sections  4  and  5,  crosses  through  the 
southern  portion  of  OU  B.  This  area  appears  to  represent  an  area  of 
little  or  no  fluvial  interaction  between  the  eastern  and  western  stream 
systems.  Cross  Section  7  bridges  hot  spots  in  OU  C  and  OU  B.  It  is 
oriented  roughly  perpendicular  to  the  direction  of  deposition  in  its 
northern  extent  and  approaches  parallel  in  its  southern  extent.  Cross 
Section  8  extends  from  OU  D  to  OU  B,  generally  parallel  with  the 
present-day  groundwater  flow  direction. 
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The  following  descriptions  of  stratigraphy  will  generally  move  from  the 
ground  surface  downwards.  When  a  well  cluster  location  is  specified 
along  a  section,  it  will  be  referred  to  by  the  A-zone  well.  For  example, 
on  Cross  Section  1,  Monitoring  Wells  MW-178,  MW'I79,  and  MW-180 
constitute  a  well  cluster  for  the  A,  B,  and  C  zones.  For  any  stratigrr^hic 
reaturess  discussed  at  this  cluster  location,  the  well  referred  to  will  be 
MW-178. 

Cross  Sectiort  1 

The  migration  of  a  stream  system  with  several  dominant  channels  can  be 
traced  through  Cross  Section  1.  A  northern  chaimel  migrates  north  then 
south  between  Elevations  60  to  20,  20  to  -40,  and  -40  to  -120,  below 
which  two  channels  appear  to  join  and  form  a  single  channel.  A 
southern  chaimel  follows  a  similar  pattern  on  the  southern  half  of  the 
section.  Another  signiEcant  feature  in  this  section  is  the  fine-grained  unit 
that  is  deposited  on  the  southern  shore  of  the  northern  migrating  channel. 
The  formation  surrounding  MW- 179  is  predominantly  clay  with  relatively 
few  channel  crossings,  whereas  MW-224  is  surrounded  with  an 
abundance  of  coarse-grained  layers  because  of  numerous  channel 
crossings. 

Cross  Section  2 

The  migration  of  the  northern  channel  and  the  presence  of  the  fine¬ 
grained  unit  described  above  can  also  be  traced  in  Cross  Section  2.  It  is 
clear  from  the  pattern  of  channel  migration  that  factors  that  affected 
channel  migration  in  Cross  Section  1  have  had  a  similar  affect  in  Cross 
Section  2.  The  coarse-grained  units  in  the  C  zone  in  MW-222  suggest 
small-scale  channel  migrations.  As  described  previously,  these  coarse¬ 
grained  units  have  increased  lateral  and  vertical  extent  in  the  deeper 
zones. 

As  in  Cross  Section  1 ,  a  persistent  fine-grained  unit  is  deposited  on  the 
southern  shore  of  this  channel.  The  unit  of  medium-  grained  material 
that  occurs  between  the  coarse  and  fine  units  is  common  in  migratory 
channel  deposits. 

Cross  Section  3 

Cross  Section  3  is  located  to  the  south  of  Cross  Sections  1  and  2  and  is 
slightly  skewed  to  the  north.  Cross  Section  3  includes  the  southern 
channel  shown  on  the  periphery  of  Cross  Sections  I  and  2.  The  southern 
channel  moves  from  north  to  south  between  Elevations  40  to  -30,  -30  to  - 
80,  and  -80  to  -1 10,  below  which  the  southern  chaimel  merges  with  the 
northern  channel. 

The  channel  migration  depicted  in  Cross  Sections  1,  2,  and  3  can  also  be 
observed  in  the  Preliminary  GW  OU  RI  Cross  Sections  H-H’,  J-J’,  K- 
K’,  and  R-R’. 
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Cross  Section  4 


Cross  Section  4  is  crossed  by  both  the  northern  and  southern  channels 
shown  in  Cross  Sections  I,  2,  and  3.  Most  wells  on  this  section  are 
crossed  by  both  channels,  which  makes  distinguishing  channel  migration 
directions  somewhat  difficult.  In  general,  the  channel  follows  the  same 
trends  shown  on  Cross  Sections  1,  2,  and  3.  These  migrations  are 
shown  in  Figure  3-3. 

The  large  singular  channel  shown  on  Cross  Sections  1,  2,  and  3  is 
located  between  Wells  MW-186  and  MW-203  in  the  C  zone  (on  this 
section).  The  distinct  difference  in  the  grain  size  and  the  vertical  extent 
of  layers  below  Monitoring  Zone  B  indicate  a  change  in  the  hydraulic 
regime.  The  abundance  of  coarse-grained  material  is  likely  associated 
with  glacial  melting,  whereas  the  A  and  B  zone  deposits  indicate  a 
moderate-  to  low-energy  fluvial  environment. 

The  northern  portion  of  Cross  Section  4  is  in  agreement  with  the  units 
presented  in  Section  I-I'  from  the  Preliminary  GW  OU  RI  (Radian, 

1993).  The  southern  extent  is  not  included  in  the  Preliminary  GW  OU 
RI  sections. 

Cross  Section  5 

Cross  Section  S  is  parallel  to  Cross  Section  4  and  ties  offbase  southeast 
of  OU  A.  All  wells  in  the  cross  section  are  traversed  by  the  southern 
chaimel,  which  follows  the  same  pattern  previously  described.  This 
section  consists  primarily  of  medium-  to  fine-gtained  deposits  that  are 
also  shown  in  the  southern  portions  of  Cross  Sections  1  and  2. 

Cross  Section  S  compares  favorably  with  Cross  Section  0-0'  from  the 
Preliminary  GW  OU  RI  (Radian,  1993). 

Cross  Section  6 

Cross  Section  6  is  roughly  parallel  to  Cross  Sections  4  and  5  crossing  the 
southern  portion  of  OU  B.  This  section  is  dominated  by  fine-grained  to 
medium-grained  materials  between  the  ground  surface  and  the  C  zone, 
indicating  this  area  represents  a  depositioiud  divide  between  western  and 
eastern  stream  systems  at  the  Base.  The  occurrence  of  isolated  coarse¬ 
grained  units  origiiuUe  during  periods  of  high  energy  deposition,  when 
streams  from  either  west  or  east  breach  this  divide.  These  lenses  occur 
sporadically  throughout  the  section.  Because  they  appear  to  lack  lateral 
continuity,  the  permeability  of  these  layers  may  be  greatly  reduced. 

The  large  coarse-grained  deposit  within  the  C  zone  appears  to  coincide 
with  the  lower  chaimel  presented  in  Cross  Sections  1  through  4.  This 
deposit  also  occurs  in  Cross  Section  7.  The  alignment  of  units  with 
coarse-grained  units  at  similar  elevations  suggests  a  channel  flowing  east 
or  southeast,  shifting  between  Monitoring  Wells  206  and  1054. 
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Cross  Section  6  can  be  favorably  compared  with  portions  of  Cross 
Sections  F-F’,  K-K’,  and  M-M’  from  the  Preliminary  GW  OU  RI 
(Radian,  1993). 

Cross  Section  7 

Cross  Section  7  appears  to  be  oriented  at  a  skewed  angle  from  the 
direction  of  channel  flow  in  its  northern  extent  and  approximately  aligned 
with  the  flow  direction  in  its  southern  extent.  Within  the  C  zone,  the 
large  channel  observed  in  Cross  Sections  3  and  6  crosses  the  section  at  a 
sharp  angle  to  the  direction  of  flow.  This  occurrence  of  one  coarse¬ 
grained  unit  overlying  another  at  an  approximate  right  angle  is  a 
significant  deviation  from  the  typical  depositional  mode  of  gradual 
channel  migrations. 

This  apparent  anomaly  can  be  explained  through  examination  of  lithology 
of  wells  in  this  vicinity  at  similar  elevations  and  comparison  with  geo¬ 
physical  logs.  During  the  deposition  of  the  D  and  E  zones,  an  influx  of 
fine-grained  alluvium  transported  from  the  south  or  southeast  began  to 
accumulate  along  the  southern  portion  of  the  Base.  The  alluvium  may 
represent  basin  deposits.  The  present-day  American  Basin  is  likely  a 
vestigial  relict  corresponding  to  these  ancient  basin  deposits. 

Periodically,  this  influx  of  alluvium  exceeded  the  capacity  of  the  fluvial 
system,  forcing  the  streams  northward  in  response. 

The  deposit  of  fine-grained  material  formed  a  barrier  to  channels  exiting 
along  the  southern  boundary  of  the  Base.  As  the  fluvial  system  migrated 
northward,  channels  exited  along  the  eastern  portion  of  the  Base.  These 
channels  moved  as  far  north  as  Monitoring  Well  MW-2()6  at  least  twice 
during  deposition  of  the  C  and  D  zones.  Periodically,  the  influx  of 
alluvium  began  to  subside,  the  fluvial  system  received  an  increase  in 
source  material,  and  stream  flows  increased.  During  episodes  of  high 
energy  deposition,  the  channel  eroded  through  this  southern  barrier  and 
reasserted  its  original  course.  This  form  of  erosional  break  occurred  at 
least  twice  in  the  vicinity  of  Monitoring  Well  MW-l()47,  the  first  time 
was  between  Elevation  -250  and  Elevation  -260  and  the  second  between 
Elevation  -180  and  Elevation  -190.  These  events  ate  illustrated  in  Cross 
Section  7. 

The  vestigial  deposits  of  alluvium  that  remained  when  the  channel 
breached  the  alluvial  deposit  constitute  the  thick  accumulations  of  fine¬ 
grained  material  shown  in  Cross  Sections  1  through  4.  This  material 
also  forms  fine-  to  medium-grained  depositional  divide  shown  in  Cross 
Section  6  and  provides  an  explanation  for  the  apparent  scarci^  of 
channel  exits  in  the  southern  and  southeastern  portions  of  the  Base. 

The  A  and  B  zones  in  the  southern  portion  of  Cross  Section  7  (south  of 
MW-120)  are  dominated  by  channels  flowing  south  that  exit  the  Base 
generally  between  MW-14S  and  MW-217,  but  rarely  crossing  the  divide 
indicated  Cross  Section  6.  Channels  may  have  crossed  the  divide 
eastward  north  of  Cross  Section  6;  however,  there  is  currently 
insufficient  information  in  this  area.  The  A  and  B  zones  in  the  northern 
portion  of  the  section  (generally  north  of  MW-i21)  consist  of  several 
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small  channels  deposited  with  a  southwest  trend.  The  deposits  along 
Cross  Section  7  in  Zones  A  and  B  are  primarily  fine-  to  medium-grained, 
indicating  small-scale  features  with  little  lateral  continuity.  These 
features  should  be  mapped  in  detail  to  ascertain  detailed  information 
regarding  site  conditions. 

This  history  can  also  be  observed  in  portions  of  Cross  Sections  D-D*,  F- 
F’,  H-H’,  J-J’  and  M-M’,  but  is  illustrated  most  clearly  in  Cross  Section 
L-L’  in  the  Preliminary  GW  OU  RI  (Radian,  1993). 

Cross  Section  8 

Cross  Section  8  illustrates  the  features  described  above,  but  from  a  dif¬ 
ferent  orientation.  The  northern  portion  of  the  section,  through  OU  D, 
does  not  differ  appreciably  from  that  shown  in  Section  7,  although  more 
coarse  grained  deposits  are  apparent  in  Section  8.  The  Southern  portion 
of  the  section  illustrates  the  dynamic  channel  transitions  that  have 
occurred  in  response  to  variations  in  fluvial  and  alluvial  influxes.  The 
migration  of  fluvial  deposits  shown  in  Cross  Sections  1,  2,  and  3  can  be 
recognized  in  this  cross  section  near  and  south  of  MW- 139. 

This  finding  is  supported  in  Cross  Section  B-B’  (Radian,  1993)  as  well  as 
those  listed  above  for  Cross  Section  7. 


3.5  Hydrogeology 

The  groundwater  system  in  the  vicinity  of  McClellan  AFB  has  been 
divided  into  two  zones:  an  upper  zone  composed  of  the  Fair  Oaks, 
Laguna,  and  Victor  Formations  and  a  lower  zone  composed  of  the 
Mehrten  Formation  and  underlying  water-bearing  formations  (CDWR, 
1974).  The  two  zones  are  separated  by  a  buried  erosional  surface  of 
moderate  to  high  relief. 

In  the  vicinity  of  the  Base,  groundwater  occurs  predominantly  in  the  Fair 
Oaks,  Laguna,  and  Mehrten  Formations.  Most  groundwater  production 
wells  in  the  area  are  screened  in  the  Mehrten  Formation  (Engineering 
Science,  1983).  Groundwater  recharge  in  the  eastern  portion  of  the 
Sacramento  Valley  occurs  as  a  result  of  leakage  from  streams  and  rivers, 
percolation  of  precipitation  and  irrigation  water  through  soils,  and 
migration  of  runoff  along  fracture  zones  and  formation  contacts  in  the 
foothills  of  the  Sierra  Nevada.  The  upper  water-bearing  zone  in  the 
Sacramento  Valley  is  recharged  predominantly  through  percolation  of 
water  from  the  ground  surface.  This  process  is  gmerally  inhibited  by 
the  presence  of  hardpan  throughout  much  of  the  valley.  Therefore, 
groundwater  recharge  to  the  upper  zone  occurs  predominantly  through 
past  and  present  stream  channels  consisting  of  permeable  sands  and 
gravel  that  allow  percolation  of  surface  waters  into  the  saturated  zone. 
According  to  the  CDWR  (1974),  the  permeable  buried  stream  channels 
interlayered  with  less  permeable  sediments  have  resulted  in  a  network  of 
tabular,  shallow  aquifers  throughout  the  county.  Hardpan  locally 
restricts  downward  migration  of  water  to  the  deeper  aquifers. 
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Groundwater  discharge  in  the  Sacramento  Valley  occurs  predominantly 
through  pumping.  Smce  the  turn  of  the  century,  the  extraction  of 
groundwater  for  irrigation,  industrial,  municipal,  and  domestic  use  has 
substantially  altered  the  groundwater  levels  and  gradients.  Presently  the 
regional  groimdwater  flow  in  the  vicinity  of  Sacramento  is  in  a  southerly 
direction  toward  a  pumping  trough  south  of  Sacramento. 

Where  saturated,  the  Victor  Formation  has  only  moderate  hydraulic 
conductivity  and  generally  yields  little  water  to  wells  unless  stream 
channel  deposits  are  penetrated.  The  Fair  Oaks  and  Laguna  Formations 
have  generally  low  to  moderate  hydraulic  conductivity  except  where 
coarse-grained  channel  deposits  are  present.  In  the  more  permeable 
materials,  well  yields  may  reach  3,500  gallons  per  minute  (gpm)  with 
drawdowns  of  approximately  30  feet,  yielding  a  specific  capacity  of 
about  120  gpm  per  foot  of  drawdown  (CDWR,  1974).  The  black  sands 
of  the  Mehrten  Formation  generally  have  a  specific  capacity  of 
approximately  45  gpm  per  foot.  Specific  capacities  as  high  as  100  gpm 
per  foot  have  been  noted  in  the  Mehrten  Formation  (CDWR,  1974). 

The  water  table  in  the  vicinity  of  the  Base  is  typically  90  to  110  feet 
below  ground  surface  (bgs).  Variations  in  the  depth  to  water  depend 
predominantly  on  local  topcgraphy  and  locations  of  cones  of  depression 
from  high-capacity  extraction  wells. 

Deeper  water-bearing  zones  are  semiconfined  or  confined  and  are 
believed  to  be  locally  interconnected  with  the  unconfined  zone  because  of 
the  absence  of  continuous  confining  layers,  ’.ateral  discontinuity  and 
facies  changes  within  confining  layers  allow  for  local  vertical 
groundwater  movement  between  the  various  water-bearing  zones. 

The  water  table  in  the  vicinity  of  the  Base  fluctuates  as  much  as  2  feet 
per  year.  The  annual  mean  water  level  is  declining  as  a  result  of 
groundwater  extraction  for  private,  public,  industrial,  and  domestic 
purposes.  The  water  table  declined  by  0.9  to  1.7  feet  each  year  between 
1955  and  1985  (Radian,  1986).  Groundwater  levels  are  expected  to 
continue  declining  in  future  years  because  of  overdrafting  of  the  local 
groundwater  aquifers. 

Extensive  groundwater  pumping  near  McClellan  AFB  has  also  altered  the 
flow  direction  of  the  local  groundwater  system.  In  1955,  groundwater 
flow  was  generally  to  the  southwest  toward  a  pumping  depression 
southwest  of  the  Base.  By  1965,  this  depression  had  deepened,  and  a 
second  pumping  depression  developed  directly  south  of  the  base  as  a 
result  of  the  operation  of  production  wells  located  ne  the  Base 
boundary.  Flow  directions  were  therefore  altered  as  oundwater  on  the 
Base  began  to  flow  to  the  south  and  groundwater  west  of  the  Base  began 
to  flow  in  an  east-southeast  direction  in  the  late  1950s  or  early  1960s 
(Radian,  1986). 

As  previously  discussed,  the  geologic  environment  beneath  the  Base  is  a 
complex  series  of  alluvial  deposits  that  were  laid  down,  eroded,  and 
redeposited  by  actions  of  streams,  rivers,  and  floods.  The  alternating 
layers  of  unconsolidated  sand,  silt,  clay,  and  gravel  form  a  single 
groundwater  system.  The  geologic  and  hydrologic  properties  of  the 
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aquifer  formation  vary  over  short  distances,  but  the  aquifer  is  laterally 
and  vertically  interconnected  by  permeable  sand  and  gravel  lenses.  The 
shallow  aquifer  system  is  characterized  as  leaky,  with  the  potential  for 
vertical  migration  of  contaminants  found  in  the  shallow  sediments  to 
deeper  portions  of  the  aquifer.  The  hydraulic  conductivity  of  the 
aquifers  is  variable  but  is  as  high  as  0.01  cm/s  (Radian,  1991). 

The  aquifer  system  at  McClellan  AFB  has  been  divided  into  a  series  of 
monitoring  zones  for  investigative  purposes.  The  monitoring  zones  are 
layers  that  together  act  as  preferential  pathways  for  horizontal 
groundwater  flow  within  the  aquifer  system.  The  monitoring  zones  are 
not  hydraulically  independent;  groundwater  can  flow  vertically  between 
zones.  Previous  investigations  had  also  defined  monitoring  zones.  The 
PGOURI  had  refined  those  zones  to  better  define  the  potential  for 
contaminants  to  migrate  horizontally  or  vertically.  The  monitoring  zones 
are  designated  A  through  F,  from  shallowest  to  deepest.  Generally,  the 
zones  thicken  and  dip  from  east  to  west,  following  the  geologic 
sequence.  However,  it  is  entirely  possible  for  two  adjacent  wells 
screened  at  different  depths  to  be  screened  within  the  same  zone,  or  for 
two  wells  screened  at  similar  depths  to  be  screened  in  different  zones. 
These  local  variations  in  zone  depths  are  due  to  the  heterogeneity  of  the 
deposits  beneath  McClellan  AFB,  and  to  the  relative  abilities  of  different 
deposits  to  conduct  water.  At  some  locations,  isolated  or  intermediate 
zones  were  identified  between  the  monitoring  zones,  especially  in  OU  D. 
In  OU  A,  the  portion  of  the  current  A  monitoring  zone  that  is  saturated 
consists  of  the  fine-grained  layers  that  probably  once  formed  the  aquitard 
between  the  now  dry,  historical  A  zone  above  and  the  B  zone  below. 
When  it  was  fully  saturated,  the  historical  A  zone  had  lateral  continuity 
and  provided  a  conductive  pathway  for  groundwater  flow,  as  it  still  does 
in  OUs  B,  C,  and  D. 

Water  level  maps  presented  in  the  PGOURI  indicated  that  groundwater  in 
each  zone  flows  in  a  generally  south-southwest  direction,  toward  OU  B 
of  McClellan  AFB,  and  the  regional  pumping  depression  to  the  south. 

Groundwater  flow  beneath  McClellan  AFB  is  also  controlled  by  the 
pumping  of  wells.  Thirteen  water  supply  wells  in  the  vicinity  of 
McClellan  AFB,  both  on  and  off  base,  affect  the  groundwater  flow 
beneath  several  OUs,  and  the  extraction  systems  in  OUs  D  and  C  exert 
hydraulic  control  in  the  A  and  B  monitoring  zones  in  those  OUs.  The 
supply  wells  include  (on  base)  Base  Well  (BW)  10  in  OU  A,  BW-29  in 
OU  E,  and  BW-18  in  OU  B;  and  (off  base)  Northridge  Water  District 
Well  (NW)  17  and  Arcade  Water  District  Well  (AW)  16,  which  are  east 
of  OU  E,  and  NW-14,  south  of  OU  A. 


3.6  Soils 

This  discussion  describes  the  soil  types  that  occur  at  McClellan  AFB. 

•  Soil,  as  defined  here,  represents  the  alluvial  material  that  extends  to  the 

base  of  the  vegetative  root  zone.  Soil  permeabilities  at  McClellan  AFB 
I  range  from  0.6  to  2.0  inches  per  year  depending  on  local  amounts  of 

clay  and  hardpan.  The  local  soils  are  generally  classified  as  San  Joaquin 
fine  sandy  loam,  Fiddyment  Bne,  sand  loam,  or  San  Joaquin-Xeralfic 
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Arents  complex.  These  soils  have  a  low  shrink-swell  potential,  a  slight 
erosion  potential,  and  a  low  available  water  capacity  of  approximately 
0.  to  to  0. 14  inch  per  inch. 


3.7  Populations  and  Land  Uses 

McClellan  AFB  is  surrounded  by  three  communities  that  include  residen¬ 
tial,  commercial,  and  industrial  zones.  They  include  Rio  Linda  and 
Elverta  to  the  northwest.  North  Sacramento  to  the  west  and  southwest, 
and  North  Highlands  to  the  east.  All  of  these  communities  are  in 
Sacramento  County.  Rio  Linda  and  North  Highlands  are  unincorporated. 

The  population  of  the  surrounding  communities  as  determined  by  the 
1980  census  was  107,822.  A  summary  of  population  by  community  and 
tract  number  and  projected  populations  in  the  year  200S  are  presented  in 
Table  3-1. 

The  communities  in  the  vicinity  of  McClellan  AFB  receive  water  from 
private  wells  and  municipal  water  supplies.  Most  of  the  water  for  North 
Highlands  is  supplied  by  the  Arcade  Water  District,  with  smaller 
amounts  from  the  Rio  Linda  Water  District  and  the  Northridge  Water 
District.  North  Sacramento  receives  water  from  the  City  of  Sacramento 
Water  Department.  Many  private  wells  are  still  in  use  in  the  area  north 
of  El  Camino  Boulevard  in  North  Sacramento. 

Rio  Linda  and  Elverta  receive  water  from  the  Rio  Linda  Water  District 
and  from  private  wells.  In  1986,  the  Rio  Linda  Water  District  and  the 
City  of  Sacramento  Water  Department  began  connecting  Rio  Linda, 
Elverta,  and  North  Sacramento  residences  in  nearby  areas  to  the  west  of 
the  Base  to  municipal  water  supplies.  The  residents  in  this  area  previ¬ 
ously  used  private  wells  to  meet  their  water  needs.  The  connection  of 
the  residences  to  municipal  water  supplies  was  a  remedial  action  initiated 
by  McClellan  AFB. 

Land  use  in  the  vicinity  of  McClellan  AFB  is  a  combination  of  military, 
industrial,  commercial,  residential,  and  agricultural  uses. 

Much  of  the  land  around  the  Base  is  zc.ied  residential.  In  the  Rio  Linda 
area  northwest  of  the  Base,  most  of  the  land  is  categorized  as  agricul¬ 
tural-residential.  This  land  category  identifies  acres  reserved  for  large- 
lot.  r!ral  residential  uses  where  animals  may  be  kept  and  crops  raised  for 
recreational  use,  educational  use,  personal  consumption,  or  supplemental 
income  purposes  (Sacramento  County,  1985).  Many  of  these  resi¬ 
dences  use  private  well  water  for  nonpotable  uses. 

Several  Rio  Linda  lots  near  the  Base  have  been  zoned  as  industrial-inten¬ 
sive.  This  land  category  identifies  areas  reserved  for  research,  manufac¬ 
turing,  processing,  and  warehousing  activities.  Necessary  public  ser¬ 
vices,  such  as  sewer  and  water  systems,  are  available  in  industrial  inten¬ 
sive  areas. 
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Most  of  the  land  to  the  southwest  and  east  of  the  Base  consists  of  low 
density  residential  zones.  These  areas  are  reserved  for  a  planned  popula¬ 
tion  densiQr  range  of  S  to  30  persons  per  acre  or  a  housing  density  range 
of  1  to  12  dwelling  units  per  acre.  Some  of  these  residences  may  have 
private  wells,  but  the  majority  have  municipal  water  supplies. 


Table  3-1 

Population  Data  and  Prqiections  for  the  Conununitiei  Surrounding 

McClellan  AFV 

Tract  Community 

1980  Papulation 

Projected  2005 
Population 

Rio  Linda  and  Elverta 

3,689 

3,547 

6,737 

Subtotal  13.973 

26,529 

North  Highlands 

1,541 

6,207 

4,451 

3,511 

7,044 

7,959 

9.819 

7,262 

11,010 

Subtotal  58,804 

118,861 

North  Sacramento 

1,613 

3,578 

4,514 

3,406 

4,621 

7,365 

5,644 

4,304 

Subtotal  35,045 

52,682 

Source:  Sacramento  County,  1985. 

To  the  southwest  and  east  of  McClellan  AFB  are  parcels  designated  for 
commercial  and  office  use,  including  shopping  centers,  large  office  com¬ 
plexes,  and  major  concentrations  of  strip  commercial  development. 

Del  Paso  Park,  designated  as  a  recreational  area,  is  within  1  mile  of  the 
southeast  edge  of  the  Base.  Additional  recreational/agricultural-recre¬ 
ational  reserve  areas  are  located  along  Dry  Creek,  approximately  2  miles 
west  of  the  Base. 
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3.8  Plants  and  Wildlife 


Grasslands  are  the  predominant  plant  communi^  at  the  Base  and  most  of 
the  surrounding  undeveloped  region.  Small  riparian  forests  and  vernal 
pools  also  occur  within  the  general  area.  A  field  survey  of  fauna  present 
on  the  Base  was  conducted  in  April  1981  (CH2M  HILL,  1981).  During 
the  survey,  one  fish,  one  amphibian,  one  reptile,  two  mammal,  and  24 
bird  species  were  sighted.  The  black-tailed  hare  was  the  largest  mammal 
permanently  residing  onbase.  Muskrats  were  also  observed  at  a  number 
of  locations  along  Magpie  Creek.  Game  bird  species,  such  as  pheasant, 
mourning  dove,  and  California  quail,  were  common  onbase.  Mallards 
were  observed  in  Magpie  Creek. 

The  vertebrate  fauna  of  Magpie  Creek  are  limited  primarily  to  mosquito- 
fish,  waterfowl,  muskrats,  and  amphibians.  A  1973  study  (Pauls  and 
Doane)  documented  the  macroinvertebrate  fauna  of  the  creek.  Density 
and  diversity  were  limited  in  the  portions  of  the  creek  lined  with  concrete 
where  little  natural  substrate  was  available.  Sludge  worms  (Tubiflex) 
were  the  only  species  found  upstream  of  McClellan  AFB  where  the  San 
Six  Wastewater  Treatment  Plant  provides  most  of  the  flow.  Farther 
downstream,  damselfly  (Ischnura),  Psychoda  fly,  and  mosquito  larvae 
were  prevalent. 

Only  two  endangered  plant  species  are  known  to  occur  within 
Sacramento  County;  the  Sacramento  orcutt  grass  (Orcuttia  viscida), 
which  occurs  in  the  vicinity  of  Phoenix  Field,  and  Boggs  Lake  hedge 
hyssop  (Gratiola  heterosepald)  which  is  found  in  the  vicinity  of  Rio 
Linda  (CH2M  HILL,  1981). 

Only  three  endangered  wildlife  species  are  expected  to  occur  within  25 
miles  of  the  Base;  the  bald  eagle,  the  peregrine  falcon,  and  the  giant 
garter  snake.  The  nearest  eagle  nest  sites  are  near  Lake  Pillsbuiy 
(Mendocino  County)  and  in  the  vicinity  of  Chico  (Butte  County)  (CH2M 
HILL,  1981).  However,  juvenile  or  nonbreeding  eagles  occasionally 
pass  through  the  Sacramento  area.  Peregrine  falcons  regularly  migrate 
through  Sacramento  County,  and  it  is  possible  that  some  may  reside  in 
the  area.  The  giant  garter  snake  is  confined  to  sloughs,  marshes,  and 
other  permanent  freshwater  areas.  The  nearest  known  location  of  the 
giant  garter  snake  is  in  rivers  and  associated  wetlands  in  North  Natomas. 

Most  undeveloped  grassland  areas  on  the  Base  have  been  disturbed  in  the 
past.  Much  of  Magpie  Creek  has  been  cleared  of  former  riparian  vegeta¬ 
tion  and  channelized.  Some  of  the  vernal  pool  areas  of  the  creek  have 
been  drained  or  filled.  Most  of  these  actions  took  place  years  ago,  how¬ 
ever,  and  vegetation  growing  on  the  unimproved  areas  of  the  Base  is 
generally  healthy,  vigorous,  and  supporting  the  iq)propriate  fauna. 

In  addition  to  its  physical  modification.  Magpie  Creek  has  been  affected 
by  the  effluent  from  the  San  Six  County  Wastewater  Treatment  Plant 
north  of  the  Base.  In  1977,  a  fish  kill  of  100  to  ISO  minnows  in  Magpie 
Creek  was  traced  to  high  chlorine  residual  origiruUing  from  the  treatment 
plant.  This  problem  has  since  been  corrected.  The  San  Six  County 
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Wastewater  Treatment  Plant  is  no  longer  operational  and  has  not  dis¬ 
charged  to  Magpie  Creek  in  more  than  a  decade. 

The  historical  use  of  persistent  and  later  nonpersistent  pesticides  for 
mosquito  control  on  the  Base  affected  the  natural  invertebrate  fauna  of 
Magpie  Creek  and  the  vernal  pools.  However,  this  impact  is  considered 
minor  as  CH2M  HILL  found  no  evident  stress  on  biota  resulting  from 
the  use  and  disposal  of  waste  pesticides  at  McClellan  AFB. 
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FIGURE  3-6 
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As  a  convenience  to  the  reader  because  of  the  large  volume 
of  data  contained  in  this  chapter,  aU  oversize  f^ures 
(11 "  X  17"  or  larger)  have  been  located  at  the  end  of  the 
chapter. 


4.1  Objectives  of  the  Conceptual  Model 

McClellan  AFB  defines  a  conceptual  model  as  a  physical  construct  of  a 
site(s)  system  that  depicts  processes  affecting  the  transport  of  contam¬ 
inants  from  the  source(s)  through  environmental  media  to  receptors. 

A  conceptual  model  may  be  of  any  length  depending  on  the  complexity 
of  the  site’s  systems  and  processes  being  described.  The  groundwater 
beneath  McClellan  AFB  is  a  complex  system  because  of  the  multiple 
sources,  significant  regional  groundwater  influences,  several  remedial 
actions  in  operation,  and  extremely  heterogeneous  geology.  In  addition, 
these  conditions  have  changed  over  time. 

Specific  objectives  of  the  conceptual  model  for  the  Groundwater  OU 
include; 

•  Providing  a  description  of  the  site’s  physical  and  geologic 
conditions  relevant  to  the  transport  and  remediation  of  the 
groundwater  contamination 

•  Providing  an  understanding  of  the  sources  of  contamination 

•  Providing  an  understanding  of  the  prevalent  contaminants 

•  Providing  an  understanding  of  the  physical  and  chemical 

properties  of  the  prevalent  contaminants  relevant  to  the 
transport  and  remediation  of  the  contaminated  groundwater 

•  Providing  an  understanding  of  the  temporal  changes  in  the 
physical  systems  and  processes  (e.g.,  temporal  changes  in 
flow  velocities  or  directions) 

•  Providing  an  understanding  of  the  regional  influences  on 
groundwater  conditions  at  the  Base 

•  Resolving  differences  between  theoretical  factors  and 
observed  conditions,  given  the  systems  and  proces<= 
sented  in  the  conceptual  model 

When  new  water  quality  data  and  site  condition  information  become 
available,  they  can  be  incorporated  into  the  conceptual  model.  The 
conceptual  model  will  be  refined  and  updated  as  input  from  within  the 
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IRP  becomes  available.  Ch^ter  7,  Data  Management  and  Collection, 
will  discuss  how  new  infonnation  will  be  incorporated  into  the  conc^- 
tual  model. 

Figure  4-1  explains  the  framework  of  the  conceptual  model.  Understand¬ 
ing  current  observed  conditions  and  predicting  future  conditions  can  be 
achieved  by  incorporating  the  following  information: 

•  Site  characteristics 

•  Location  of  source  areas,  type  of  contaminants,  and  the  time 
of  discharge 

•  Hiysical  and  chemical  properties  of  contaminants 

•  Hydrogeologic  environment 

The  conceptual  model  will  incorporate  this  infoimation  to  explain  the 
nature  and  extent  of  contamination  in  the  groundwater  system. 


4.2  Site  Characteristics 

The  physical  characteristics  of  the  site  make  up  the  first  component  of 
the  conceptual  naxiel.  To  understand  the  factors  that  affect  groundwater 
flow  and  contaminant  transport,  the  physical  media  that  comprise  the 
groundwater  ^stem  must  first  be  presoated.  The  following  section  will 
discuss  the  depositional  environment  in  which  the  groundwater  system 
was  created,  followed  by  how  the  monitoring  zones  within  this  sedimen¬ 
tary  sequence  have  bem  delineate^!  .  'i  interpreted.  This  section  will 
conclude  by  presenting  the  aqui  >erties  of  each  of  the  monitoring 
zones. 

4.2.1  Monitoring  Zone  Designations 

Radian  Corporation  divided  the  groundwater  subsurface  into  five  distinct 
monitoring  zones  (A,  B,  C,  D,  and  E)  for  interpretation  based  primarily 
on  geophysical  logs  between  pilot  borings  (Radian,  1992). 

Strong  evidence  suggests  that  the  groundwater  system  functions  more  as 
a  single  unit  than  as  sqrarate  hydrostratigraphic  units.  The  following 
observations  suggest  the  units  are  hydraulically  linked: 

•  Water  levels  and  flow  directions  in  zones  are  similar. 

•  The  lithology  is  heterogeneous,  indicating  no  laterally  con¬ 

tinuous  aquifers  or  aquitards.  See  cross  section  through 
OU  A  (Figure  (3-2). 

•  The  influoice  of  regional  punqjage  is  observed  in  ail  moni¬ 
toring  zones  without  significant  time  lags. 
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•  Stiff  and  Piper  diagrams  show  that  the  inorganic  water 
quality  in  all  zones  is  similar. 

\Natwr  Levels  and  Flow  Directions 

The  water  levels  measured  in  the  monitoring  zones  at  the  Base  are  simi¬ 
lar  ^MUially,  and  decline  with  depth  in  response  to  recharge  at  the  sur¬ 
face  and  puaq)ing  withdrawals  at  depth  (see  Figure  4-2).  Groundwater 
flow  directions  and  horizontal  gradients  are  very  similar  in  each  of  the 
monitoring  zones  (see  Figure  4-3).  These  observations  support  the 
hypothesis  of  a  sedimentary  sequence  that  is  hydraulically  connected  but 
shows  some  degree  of  horizontal  to  vertical  anisotrophy. 

Heterogeneous  Lithology 

The  lithology  present  in  the  subsurfu^e  at  McClellan  AFB  is  highly 
variable.  The  cross  sections  presented  in  Figure  4-4  suggest  that  indi¬ 
vidual  lithologic  units  rarely  extend  laterally  for  more  than  SO  feet.  The 
texture  of  the  sediments  present  ranges  from  gravels  and  sands  to  silts 
and  clays.  No  thick,  laterally  continuous  low  permeability  units  are 
indicated  from  any  of  the  cross  sections  developed  for  the  Base  to  date. 
Therefore,  no  physical  evidence  exists  to  support  the  hypothesis  of  multi¬ 
ple  isolated  aquifers  beneath  the  Base. 

Response  to  Regional  Pumping 

The  temporal  variations  in  vertical  gradients  at  the  Base  are  produced 
primarily  by  changes  in  regional  pumping  stresses.  If  significant 
aquitards  existed  separating  the  monitoring  zones,  the  water  level 
responses  to  regional  pumping  wells  screened  in  the  deeper  D  and  E 
zones  in  each  shallow  monitoring  zone  would  be  danq>ed.  The  shallow 
zones  would  be  almost  totally  isolated  from  regional  punq>ing  influences 
while  the  deeper  zones  would  be  strongly  affected.  No  such  pattern  is 
observed  at  McClellan  AFB,  indicating  that  the  monitoring  zones  are 
hydraulically  linked. 

Stiff  and  Piper  Diagrams 

Stiff  and  piper  (also  known  as  trilinear)  diagrams  graphically  portray  the 
distribution  of  inorganic  constituents  in  groundwater  samples.  Plotting 
the  constituents  in  groimdwater  sanqiles  collected  from  different  aquifers 
on  a  piper  or  stiff  diagram  is  an  effective  method  for  determining 
whether  the  water  in  each  aquifer  shares  a  common  source.  If  all 
aquifers  contain  waters  of  similar  conqwsition,  it  is  likely  that  the  units 
are  hydraulically  connected,  and  groundwater  moves  between  aquifers. 
The  piper/trilinear  plots  (Figure  4-S)  and  stiff  diagram  plots  (Figure  4-6) 
strongly  suggest  that  the  groundwater  contained  in  the  A,  B,  and  C  aqui¬ 
fers  all  originates  from  a  similar  source.  Therefore,  it  is  likely  that  the 
monitoring  zones  at  the  Base  briiave  as  a  single  layered  aquifer  instead 
of  several  isolated  aquifers.  Figure  4-6  shows  the  stiff  diagrams  for 
several  A-,  B-,  and  C-zone  wells  in  plan  view. 
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Aquifer  Properties 


Test  data  from  all  single-well  and  multiple-well  aquifer  tests  performed 
on  wells  screened  in  Monitoring  Zones  A,  B,  and  C  (presented  in  the 
PGOURl)  were  evaluated  to  estimate  the  distribution  of  transmissivity 
across  the  Base.  Several  different  analytical  methods  were  used  to  inter¬ 
pret  the  results  of  these  tests,  resulting  in  widely  varying  estimates  of  the 
aquifer  transmissivities.  The  Jacob  semilog  method  and  the  Theis 
Recovery  method  yielded  the  highest  transmissivity  estimates,  while  the 
I^ipadopolus-Cooper  method  yielded  the  lowest  estimates.  A  complete 
description  of  these  three  analytical  methods,  including  all  assumptions 
and  governing  equations,  are  contained  in  Kruseman  and  de  Ridder, 

1991.  The  lower  Papadopolus-Cooper  estimates  were  more  consistent 
with  the  specific  capacity  values  measured  in  the  pumping  wells  during 
the  aquifer  tests.  This  is  not  surprising  because  the  Jacob  method  calcu¬ 
lates  transmissivity  based  solely  on  the  slope  of  the  semilog  drawdown 
curve,  while  the  Papadopolus-Cooper  method  takes  into  account  the  total 
drawdown  observed  in  a  well  at  a  specific  pumping  rate. 

Single  Well  Tests 

Six  single  well  aquifer  tests  were  conducted  in  wells  screened  in 
Monitoring  Zone  A,  with  five  of  the  six  tested  wells  located  in  OU  A. 
The  thickness  of  the  unconfined  Monitoring  Zone  A  ranges  from  9  to  SO 
feet,  and  most  of  the  monitoring  wells  are  screened  across  the  water 
table  (Radian,  1992).  The  results  of  these  aquifer  tests  are  summarized 
in  Table  4-1  by  monitoring  zone,  and  a  complete  list  of  the  aquifer  test 
results  is  presented  in  Appendix  J  (Table  J-l).  The  results  of  these  tests 
suggest  that  the  transmissivity  of  Monitoring  Zone  A  ranges  from  300  to 
16,000  gpd/fl  using  the  Jacob  Method,  100  to  28,000  gpd/ft  using  the 
Theis  Recovery  method,  and  300  to  7,200  gpd/ft  using  the  Papadopulos- 
Cooper  method. 

Eleven  single  well  tests  were  conducted  in  wells  screened  in  Monitoring 
Zone  B,  with  nine  of  the  eleven  wells  located  in  OU  A.  Monitoring 
Zone  B  is  semiconfined  and  ranges  in  thickness  from  40  to  75  feet 
(Radian,  1992).  The  results  of  these  aquifer  tests  are  summarized  in 
Table  4-1  by  monitoring  zone,  and  a  complete  list  of  the  aquifer  test 
results  is  presented  in  Appendix  J  (Table  J-l).  The  results  of  these  tests 
using  the  Jacob  method  suggest  that  the  transmissivity  of  Monitoring 
Zone  B  ranges  from  3,800  to  20,000  gpd/ft,  while  the  Theis  Recovery 
method  suggests  a  range  from  4,000  to  17,000  gpd/ft,  and  the 
Papadopulos-Cooper  method  suggests  a  range  from  1,000  to  5,000 
gpd/ft.  A  slug  test  and  a  pumping  test  were  performed  on  a  single  well 
(MW-179)  to  compare  the  results  of  the  two  methods.  The  transmissiv¬ 
ity  was  based  on  the  slug  test  results  and  (1,900  gpd/ft)  was  much  lower 
than  the  estimates  obtained  from  the  pumping  test  (5,000  to  9,600 
gpd/ft).  This  is  because  of  the  fact  that  slug  tests  stress  a  limited  portion 
of  the  aquifer  directly  adjacent  to  the  well,  while  aquifer  tests  stress 
portions  of  the  aquifer  at  greater  distances  from  the  extraction  well. 
These  results  suggest  that  the  sediments  directly  adjacent  to  the  Well 
MW-179  have  a  lower  transmissivity  than  those  at  greater  distances  or 
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that  the  vertical  leakance  from  adjacent  layers  is  more  extensive  at 
greater  distances  from  the  well. 


Ten  single  well  aquifer  tests  were  conducted  on  C  zone  wells,  with  the 
results  summarized  in  Table  4-2  and  listed  completely  in  Appendix  J. 
Monitoring  Zone  C  is  semiconfined  and  ranges  in  thickness  from  52  to 
88  feet  (Radian,  1992).  The  transmissivity  of  the  C  zone  was  estimated 
to  range  from  1,600  to  87,000  gpd/ft  using  the  Jacob  method,  3,500  to 
58,000  gpdyft  using  the  Theis  Recovery  method,  and  1,800  to  16,300 
gpd/ft  using  the  Papadopulos-Cooper  method.  Caution  should  be 
exercised  in  assuming  transmissivities  for  the  C  zone  greater  than  50,000 
gpd/ft.  These  values  seem  quite  high  based  on  the  specific  capacity 
values  measured  in  the  monitoring  wells  during  the  aquifer  tests  (8  to  10 
gpm/ft  of  drawdown),  the  sediment  types  observed  in  borings,  and  the 
historic  performance  of  extraction  wells  constructed  at  the  Base  to  date. 

Multiple-Well  Tests 

Ten  multiple-well  aquifer  tests  have  been  conducted  at  McClellan  AFB, 
seven  in  OU  C  at  the  contractor’s  staging  area  and  the  Sector  C 
extraction  wellfield,  and  three  in  OU  D.  The  information  collected 
during  these  aquifer  tests  was  used  to  develop  the  aquifer  property 
estimates  summarized  in  Appendix  J.  The  data  collected  during  the 
aquifer  tests  performed  by  Radian  were  evaluated  using  the  Walton 
method,  Neuman- Witherspoon  method,  Jacob  straight-line  method,  and 
the  Theis  Recovery  method.  The  data  collected  during  the  aquifer  tests 
conducted  by  CH2M  HILL  were  evaluated  using  the  Jacob  straight-line 
method,  the  Theis  Recovery  method,  and  the  Hantush  and  Jacob  curve- 
matching  method.  The  3(l-day  aquifer  test  performed  by  McLaren 
Environmental  Engineering  was  evaluated  by  matching  the  observed 
drawdown  with  an  analytical  groundwater  flow  model.  The  range  of 
transmissivity  estimates  from  these  tests  is  consistent  with  those 
developed  from  the  results  of  the  single  well  aquifer  testing  summarized 
in  Appendix  J.  The  storage  coefficient  estimates  from  these  tests  are  on 
the  high  end  of  typical  values  for  confined  aquifers  (0.005  to  0.00005) 
(Freeze  and  Cherry,  1979).  This  suggests  that  the  shallow  aquifers  at 
the  site  behave  as  unconfined  to  semiconfined  aquifers.  Monitoring 
Zone  A  is  unconfined,  producing  water  from  storage  mainly  by  gravity 
drainage.  Monitoring  2^nes  B  and  C  produce  water  through  a 
combination  of  pore  pressure  decline  (typical  of  confined  aquifers)  and 
leakage  from  adjacent  units. 

The  results  of  the  multiple-well  aquifer  tests  performed  by  Radian  were 
also  used  to  estimate  the  vertical  hydraulic  conductivity  of  the  fine¬ 
grained  units  at  the  site.  Accurate  estimates  of  vertical  hydraulic 
conductivity  are  important  as  it  partially  determines  the  extent  of  vertical 
leakage  that  occurs  when  an  extraction  well  pumps  from  a  particular 
monitoring  zone.  The  magnitude  of  the  vertical  leakance  has  a  strong 
influence  on  the  vertical  capture  that  an  extraction  well  can  produce  and 
therefore  impacts  the  number  of  extraction  wells  required  to  remediate  a 
given  volume  of  contaminated  aquifer.  The  results  of  the  vertical 
permeability  analysis,  presented  in  Table  3-6  of  the  Preliminary 
GW  OU  RI,  suggest  that  the  general  vertical  hydraulic  conductivity  of 
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the  fine-grained  materials  is  between  0. 14  and  0.41  ft/day.  One 
calculation  produced  a  vertical  hydraulic  conductivity  estimate  of  4. 1 
ft/day,  which  may  reflect  a  particularly  permeable  zone  in  the  otherwise 
fine-grained  sediments  between  Monitoring  Zones  A  and  B. 

Because  of  the  heterogeneous  nature  of  the  sedimentary  deposits  at 
McClellan  AFB,  none  of  the  wells  tested  are  actually  "fully  penetrating* 
a  discrete  aquifer.  In  reality,  significant  vertical  flow  components  exist 
as  water  moves  toward  the  pumping  wells,  both  within  designated 
monitoring  zones  and  between  adjacent  monitoring  zones.  This  results  in 
flow  conditions  surrounding  a  pumping  well  that  deviate  from  radial  flow 
conditions,  producing  longer  flow  lines  for  the  water  particles  and 
forcing  the  groundwater  flow  lines  to  converge  through  a  smaller  cross- 
sectional  area  while  approaching  the  well  screen.  The  additiorral  head 
loss  that  results  from  these  flow  conditions  will  increase  the  drawdown 
measured  in  the  pumping  well  during  an  aquifer  test. 

The  approach  adopted  by  CH2M  HILL  in  estimating  aquifer  properties 
for  use  in  groundwater  extraction  simulation  was  to  evaluate  the  test 
results  using  a  method  that  incorporates  the  magnitude  of  drawdown  that 
is  observed  in  the  wells  during  pumping  and  is  consistent  with  the 
specific  capacities  measured  in  existing  extraction  wells  at  the  Base. 

This  method  was  clearly  the  Papadopolus-Cooper  method.  Figures  4-7, 
4-8,  and  4-9  show  the  contours  of  transmissivities  in  Monitoring  Zones 
A,  B,  and  C  based  on  these  tests.  Table  4-1  presents  a  range  of 
transmissivities  and  hydraulic  conductivities  for  Monitoring  Zones  A,  B, 
and  C  in  each  OU.  None  of  the  extraction  wells  operating  onbase  have 
measured  specific  capacities  that  indicate  transmissivities  high  enough  to 
even  approach  the  values  obtained  from  the  Jacob  method.  According  to 
the  current  data,  transmissivities  are  believed  to  be  lower  than  those 
estimated  by  the  Jacob  method.  This  approach  will  result  in  a  conser¬ 
vative  estimate  of  the  number  of  extraction  wells  that  will  be  required  to 
contain  existing  contamination,  even  in  low  transmissivity  conditions. 
This  design  will  address  the  uncertainty  that  exists  in  actual  aquifer 
characteristics  at  the  site,  since  it  will  be  effective  in  all  but  worst-case 
conditions.  Additional  aquifer  tests  will  be  performed  at  the  site  prior  to 
remedial  design.  If  transmissivities  are  found  to  be  higher  than  those 
originally  estimated,  fewer  extraction  wells  will  be  needed  for  capture. 


4.3  Source  Areas 

The  location  of  source  areas  and  the  time  of  contaminant  release  into  the 
environment  make  up  the  second  component  of  the  conceptual  model. 
The  historic  Base  activities  and  disposal  practices  have  been  the  primary 
source  of  contamination  in  the  groundwater  at  McClellan  /VFB.  The 
nature  and  extent  of  VOC  contamination  at  each  Operable  Unit  is  dif¬ 
ferent  because  the  type  of  wastes  released  and  the  historic  disposal  prac¬ 
tices  at  each  Operable  Unit  were  different.  The  following  section 
describes  the  sources  of  contamination  at  the  Base.  The  section  begins 
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Table  4-1 

Approximate  Aquifer  Parameters 

Zone 

Aquifer  Parameters 

OU  A 

OUB/C 

OU  D 

ouc 

j  Oround  Surface  {ft  msl) 

70 

62 

62 

72 

A 

Trarumissivities 

(fe/day) 

13  to  3,757 

788  to  2.179 

1,390 

- 

Hydraulic  Conductivitiea 
(ft/day) 

0.65  to  188 

22.5  to  62.25 

39.7 

- 

Zone  Thickness  (ft) 

20 

35 

35 

20 

Dq)th  (ft  msl) 

-35  to  -55 

-45  to -80 

-37  to  -72 

-30  to  -50 

Depth  (ft  bgs) 

105  to  125 

107  to  142 

99  to  134 

102  to  122 

B 

Transmissivities 

(fe/day) 

107  to  2,727 

254  to  1,270 

2,754  to  6,617 

281  to  2,259 

Hydraulic  Conductivitiea 
(ft/day) 

214  to  54.54 

3.9  to  19.5 

45 .9  to  110.3 

7.0  to  56.5 

Zone  Thickness  (ft) 

50 

65 

60 

40 

Depth  (ft  msl) 

-55  to  -105 

-80  to  -145 

-72  to  -132 

-50  to  -90 

Depth  (ft  bgs) 

125  to  175 

142  to  205 

134  to  194 

122  to  162 

C 

Transmissivities 

(ft^/Day) 

213  to  11,631 

521  to  1,070 

1,900  to  2,100 

428  to  1,992 

Hydraulic  Conductivities 
(ft/day) 

3.0  to  166 

7.0  to  14.3 

23.8  to  26.25 

7,8  to  36.2 

Zone  Thickness  (ft) 

70 

75 

80 

55 

Depth  (ft  msl) 

-105  to  -175 

-145  to  -220 

-132  to -212 

-90  to  -145 

Depth  (ft  bgs) 

175  to  245 

205  to  282 

194  to  274 

162  to  217 

Notes:  Hydraulic  Conductivity  =  transimssivity/zone  thickness. 

—  =  Aquifer  test  was  not  performed . 

Zone  thicknesses  were  estimated  from  the  PGOUR]  (Radian,  1992). 

Source  of  transmissivities:  OU  A,  OU  B/C,  OU  G-  PGOURI  (1992); 

OU  D-IRP  Phase  U! /IV  Area  D  Site  Characferization  Study  (CH2M  HILL,  1984). 

with  a  brief  history  of  the  Base  activities,  followed  by  a  summary  of  the 
types  of  contaminants  disposed  of  at  each  of  the  Operable  Units,  includ¬ 
ing  the  Industrial  Waste  Line.  The  approximate  Operable  Unit  boun¬ 
daries  are  presented  in  Figure  4-10. 

McClellan  AFB  was  established  in  1936  to  function  as  an  air  repair  depot 
and  supply  base  for  the  War  Department.  During  World  War  D, 
McClellan  AFB  became  a  major  industrial  facility  with  capabilities  rang¬ 
ing  from  bomber  and  cargo  aircraft  maintenance  to  wastewater  treatment 
capabilities.  By  the  early  I9S0s,  the  Base  had  gone  through  a  transition 
to  assume  the  role  of  a  jet  fighter  maintenance  depot.  From  its  begin¬ 
ning,  McClellan  AFB  has  used  a  variety  of  toxic  substances  as  part  of 
routine  operation  and  maintenance  activities.  Some  of  the  toxic  materials 
used  included  industrial  solvents,  caustic  cleaners,  electroplating  wastes 
laden  with  heavy  metals,  jet  fuels,  and  various  oils  and  lubricants 
(Radian,  1990).  Hazardous  waste  produced  as  a  result  of  day-to-day 
operations  was  disposed  of  in  burial  pits,  sludge  pits,  bum  pits,  and  other 
miscellaneous  disposal  pits  around  the  Base. 
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In  1979,  concern  arose  over  waste  disposal  practices,  surface  spills  at 
chemical  storage  yards  and  wastewater  treatment  plants,  and  leaks  in  the 
industrial  waste  conveyance  line  that  had  allowed  toxic  chemicals  to 
contaminate  soil  and  groundwater  at  McClellan  AFB.  A  groimdwater 
sampling  effort  commenced  that  same  year,  and  by  1980  it  was  conf¬ 
irmed  that  trichloroethene  (TCE)  was  present  in  certain  Base  wells. 

In  response  to  this  finding,  McClellan  AFB  developed  an  investigatory 
program  aimed  at  evaluating  past  operation  and  waste  disposal  practices, 
identifying  contamination  sources,  and  determining  the  extent  of  contami¬ 
nation  in  soil  and  groundwater  (Radian,  1990).  At  present,  S3  confirmed 
sites  (CSs)  and  117  potential  release  locations  (PRLs)  have  been  identi¬ 
fied  as  sources  of  soil  and  groundwater  contamination  around  the  Base 
(Radian,  1991).  Tliese  CSs  and  PRLs  are  presented  in  Figure  4-1 1  and 
described  in  Table  4-2.  Nearly  90  percent  of  the  CSs  and  PRLs  are 
located  within  the  boundaries  of  OUs  A,  B,  C,  and  D.  Figure  4-1 1 
shows  the  distribution  of  CSs  and  PRLs  throughout  the  Base  and  where 
they  are  located  in  relation  to  the  OUs.  Because  the  CSs  and  PRLs  were 
used  for  specific  functions  and  operations,  each  OU  contains  its  own 
history  of  maintenance  activities,  contamination  discharges,  waste  pro¬ 
duction,  and  contaminant  detection. 

OU  A  Source  Area  History 

The  following  information  on  OU  A  was  taken  from  the  OU  A  Prelimi¬ 
nary  Assessment  Summary  Report  (Radian,  1990)  unless  otherwise 
noted. 

Development  of  the  area  known  today  as  OU  A  began  shortly  after  the 
groundbreaking  ceremony  at  McClellan  AF^  in  1936.  Over  the  course 
of  its  50-year  life,  OU  A  was  used  mainly  for  industrial  activities.  Some 
of  those  activities  included  engine  and  aircraft  maintenance,  waste  dis¬ 
posal  and  treatment,  underground  waste  conveyance,  and  aboveground 
and  belowground  chemical  storage. 

Begiiming  in  the  late  1930s,  aircraft  maintenance  was  a  main  operation  in 
OU  A.  Instrument  repair  shops,  plating  shops,  and  paint  spray  booths 
occupied  several  buildings  in  this  area  to  assist  in  routine  aircraft 
maintenance.  Between  1940  and  1976,  engine  maintenance  and  testing 
procedures  used  washracks,  solvent  spray  booths,  steam  cleaning  bays, 
and  grinding  shops  in  this  area.  A  variety  of  waste  disposal  and  treat¬ 
ment  facilities  were  operated  in  OU  A  from  1941  to  1981.  Landfills 
used  for  disposal  of  sanitary  and  industrial  waste  were  operated  in  OU  A 
from  the  1940s  to  1960s.  Sludge  produced  from  both  industrial  and 
sanitary  wastewater  treatment  applications  was  dewatered  in  the  same 
wastewater  sludge  beds  from  1950  to  1972.  Storage  facilities  and  an 
industrial  wastewater  conveyance  line  were  installed  and  operated  from 
the  1940s  to  1960s.  Underground  storage  tanks  and  tank  farms  were 
used  to  store  hazardous  materials  for  various  purposes.  Because  of 
leakage  problems,  many  tanks  have  been  removed  around  the  Base  to 
control  the  spread  of  soil  and  groundwater  contamination.  In  the  1950s, 
the  Industrial  Wastewater  Line  (IWL)  was  installed  in  OU  A.  Its  func¬ 
tion  was  to  convey  industrial  wastes  to  the  Industrial  Wastewater 
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I  ^ 
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SUtus/Regulatory 

Mechanism* 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

NFI,  REG-CON 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

UST 

UST 

UST 

UST 

UST 

CERCLA 

CERCLA 

Dates  of 

Operation 

1937-??? 

1937-1989 

1940-1970S 

1941 

1943-1989 

Late  1930s 

1942 

1940-1989 

1943-1989 

1942 

1941 

1943-1989 

1946-1988 

1943-1989 

1952-1980 

1952-1989 

1938-1989 

1943-1989 

1943-1989 
Late  40s/Early  50s 

1943-1987 

1940- 1989 
Early  40s-Late  60s 

1941- 1989 

1943-1989 

Size  of 

Site' 

m 

CS  trT  v-T  o"  O 

CS  -- 

Contaminants* 

Sol,  POL 

Sol,  POL 

Pesticides 

Met,  SOL 

Sol,  POL 

Sol,  POL 

Sol,  Met,  CN 

POL,  Sol 

POL,  PCB,  Sol 
POL,  Sol 

Sol 

Sol,  POL 

Sol,  PCL 

Sol 

Sol 

Sol 

Sol 

Sol 

Sol,  POL 

Sol,  POL 

POL 

POL 

POL 

Sol,  POL 

Sol,  POL 

Description* 

Repair  shop/spray  booths 
Repair  shop/clean  shop 
Entomology  storage  area 
Photo  lab 

Degreaser/spray  booths 

Repair  shop/spray  booths 
Plating  shop 

Depaint  washrack 
Transformer  shop 
Mainshop/spray  booth 

Solvent  recovery  stills 

Oil  drum  storage 

Oil  drum  storage 

Drum  storage 

UST 

Sol  pit/waste  thinner  tank 
Solvent  tank 

Waste  oil/solvent  tank 

Tank  Farm  1 

Tank  Farm  2 

Tank  Farm  3W 

Tank  Farm  4 

Tank  Farm  5 

Tank  Farm  6 

UST 

1 

< 

UPRL  S-27 
UPRL  S-36 
UPRL  S-37 
UPRL  S-38 
UPRLT-6 

UPRL  T-7 
UPRL  T-10 
UPRL  T-12 
UPRL  T-15 
UPRL  T-16 

r-  00  o  ^ 

^  CS  CS 

1  1  1  1  1 

H  H  H  H  H 
^  ^  ^ 

M  Co  0^  0^ 

£  OU  £  £  £ 

^3  D  P  1=1  P 

PRL  S-017 
PRL  S-018 
PRL  S-019 
PRL  S-020 

CS  S-021 

PRL  S-022 
PRL  S-023 

CS  S-024 

PRL  S-025 

CS  S-026 

CS  S-027 

PRL  S-036 
PRL  S-037 
PRL  S-038 
PRLT-006 

PRLT-007 
PRL  T-OlO 

CS  T-012 

PRL  T-015 

CS  T-016 

CS  T-017 

PRL  T-018 
PRL  T-019 

CS  T-020 

CS  T-021 

WIMS 
Site  0)“ 

SD102 
SD103 
SS104 
SD105 
SO  106 

MRS 

•-  <5 

Vi  Z 

VO  r*-  00  9N  o 

<s  CS  fn 

fs  CO  ^  m 
CO  cn  cn  cn 

VO  go  Ov  Q 
cn  cn  c*^  cn  ^ 

CS  cn  ^ 
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46 

47 

48 

49 

50 

Operable 

Unit 
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Table  4-2 

Summaiy  of  Sites  Identified  at 

McClellan  AFB 

Page  3  of  13 

Status/Regulatoi^ 

Mechanism' 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

UST 

UST 

UST 

CERCLA 

UST 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

UST 

CERCLA 

NH,  REG-CON 
UST 

CERCLA 

CERCLA 

CERCLA 

Dates  of 

Operation 

1940-1954 

1943-1989 

1943-1989 

1940-1989 

■ 

1942-1992 

__ 

1938-1991 

1954-1989 

1941-1992 

1946-1990 

Size  of 

Site' 

8SS8  > 

® 

VO  VO 

t  t  t  1  t 

1  i  1  i  ! 

1  i  t  1  1 

1  1  !  1  « 

f  1  1  1  1 

1  1  1  1  1 

Contaminants' 

Sol 

Sol 

Sol 

POL 

Unknown 

Unknown 

Unknown 

Sol,  VOC 

Fuel  Oil 

Fuel  Oil 

Diesel 

Unknown 

Fuels 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Diesel 

Unknown 

Paints,  Sol 

Diesel 

Met.,  Anions 
Unknown 

Unknown 

Description** 

UST 

UST 

UST 

Oil/water  separator 

IWL 

IWL 

IWL 

IWL  dnun  at  Bldg.  431 

UST 

UST 

UST 

Motor  pool 

UST 

Chemical  storage  area 

Metal  fabrication 

Average  fluids 

Sump 

Soil  contamination 

UST 

Washrack  254 

Warehouse 

UST 

Blowdown  Tanks 

Washrack 

Aboveground  storage  tank 

'ic 

.1 

< 

UPRL  T-30 
UPRL  T-36 
UPRL  T-37 
UPRL  T-47 

1  1  1  1  1 

1  1  1  1  1 

!  !  !  t  1 

1  1  1  1  1 

1  1  1  1  1 

1  1  1  1  « 

1  1  1  1  1 

CS  T-030 

CS  T-036 

CS  T-037 

CS  T-047 
PRLL-002 

PRLL4X)3 

PRLL-004 

CS  T-057 

CS  T-059 
CST-061 

SA035 

SA037 

SA038 

SA040 

SA041 

SA043 

SA044 

SA045 

SA046 

SA047 

SA048 

SA049 

SA052 

SA053 

SA054 

A 

i  ^ 

>  on 

00  cv  'O 
■4  VI 

OT160 

OT161 

OT169 

ST170 

ST172 

ST198 

SS199 

ST200 

55201 

55202 

SS203 

WP204 

SS205 

ST206 

SD207 

ST208 

ST209 

ST210 

WP211 

ST212 

.ti  o 
w5  Z 

n  ^ 

m  v» 

_ 

VO  00  Ov  Q 

«n  ID  ^ 

^  n  CD  ^  ID 

VO  VO  VO  VO  VO 

VO  00  ^  o 

VO  VO  VO  VO 

CS  CD  ^  ID 
r-  t-*  r*- 

Operable 

Unit 

< 
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3 

C9 

li 

CERCLA 

CERCLA 

CERCLA 

NH,  REG-CON 
NFI,  REG-CON 

NFI,  REG-CON 
CERCLA 

CERCLA 

CERCLA 

NH,  REG-CON 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

NH,  REG-CON 
CERCLA 

CERCLA 

CERCLA 

UST 

CERCLA/UST 

CERCLA/UST 

UST 

Dates  of 

Operation 

1957-1982 

World  War  D 

-1 

1962-??? 
1956  to  mid-1960s 

Mid  1940s 

1955-1989 

1968-1987 

1951-??? 

1953 

1946-49;  1965 
1955-1989 

Before  1968-??? 
1968-Present 

Size  of 

Site' 

44,000 

35,000 

109,200 

50,400 

18,820 

1,700 

5,900 

20,000 

120,000 

5,000 

190,000 

15,000 

84,000 

in  wT 

fn 

16,000 

3,600 

6,700 

6,700 

Contaminants* 

Sol,  Met 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

POL,  Sol 

Sol,  Met 

Unknown 

Unknown 

Sol 

POL 

PCB 

Sol,  POL 

Sol,  Other 

Other,  Sol 

Sol,  Other 

Jet  Fuel 

Unknown 

Unknown 

Unknown 

POL,  TCE,  PCE 
POL,  TCE,  PCE 
POL,  TCE,  PCE 
POL 

Description** 

Abandoned  plating  shop 
Abandoned  IWTP 

Base  Well  18 

Scrap  metal  burial  pit 
Landfill 

Landfill 

Waste  pond 

Open  drainage  ditch 
Abandoned  IWTP 

PCB  storage 

Open  storage 

Oil/paint  storage 

PCB  storage 

Depaint  washrack 

Hazardous  mat.  storage 

Degreaser/paint  booth 
Solvent  spray  booth 

MAT  K  storage 

Indus,  wastewater  line 

Indus,  wastewater  line 

Fuel  tank 

Oil/water  jj-irator 

Defuel  fac.  tanks 

Oil/water  separator,  UST 
UST 

“is 

< 

CS  47 

CS  48 

PSPRL  35 
UPRL  B-1 

UPRL  B-9 
UPRL  P-2 
UPRL  P-9 
UPRL  S-5 
UPRL  S-12 

UPRL  S-34 
UPRL  S-35 
UPRL  S-41 

m  VO  00 

00  ^ 

H 

0^ 

cu  Eu  a,  & 

D  3  3  D  ! 

CS047 

CS  048 

PRL035 

PRL  B-OOl 

PRLB-009 
PRL  P-002 
PRL  P  -009 
PRLS-005 
PRL  S-012 

PRL  S-013 
PRL  S-028 
PRL  S-029 
PRL  S-030 
PRLS-033 

PRL  S-034 
PRL  S-035 
PRL  S-041 
PRLL-005 
PRLL-006 

PRLT-008 
PRL  T-045 
PRL  T-046 
PRL  T-048 
PRL  T-060 

g  a 

OT045 

WP046 

OT066 

DP035 

LF069 

LF076 

SD078 

SD085 

WP090 

SS097 

00  m  "r*  00 

^  ^  ^  ^ 

^  CO  CO  Q  C/3 

CO  CO  c/3  ^  CO 

Os  Q  VO  <s  cn 

^  c5  CS  VO  VO 

S  5  5  b  £ 

CO  CO  CO  O  O 

V3  Z 

126 
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135 
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Status/Regulatory 

Mechanism' 

NFI,  REG-CON 
CERCLA 

CERCLA 

CERCLA 

CERCLA 

UST 

CERCLA 

UST 

NFI,  REG-CON 
CERCLA 

UST 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

CERCLA 

Dates  of 

Operation 

1114  1 

1  1  1  1  1 

1954-1991 

i  i  i  i  1 

1  1 

1  •  < 

1950s- 1960s 

1  1  I  1  t 

1  «  (  <  > 

Size  of 

Site' 

1  t  1  1  « 

1  1  1  1  1 

!  t  :  i  i 

1  i  1  1  1 

1  1  ) 

1  1  < 

120,000 

35,000 

59,000 

30 

32,000 

32,000 

Contaminants* 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

MOGAS 

Unknown 

POL 

VOC 

Herbicides 

Diesel 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Prip,  Sol,  PCB, 

POL 

Prip,  Sol,  POL 
Unknown 

PCB,  Prip 

Prip 

Description'' 

Surface  disposal 

Laboratory 

Washrack 

Paint  shop 

Paint  storage 

Gas  station 

Washrack 

UST 

Hazardous  mat.  storage 

Sump 

UST 

Chemical  storage  area 

Storm  water  drainage 

NW  comer  lot  10  spill 
Chemical  storage  area 

Oil  storage  yard 

Oil  storage  yard 

Spray  booth 

Landfill 

DRMO  storage  area 

Sludge/oil  pit 

Sludge  refuse/landfill 

Landfill 

Landfill 

Landfill 

Aliases* 

i  1  1  1  1 

1  1  <  1  1 

«  t  (  1  1 

<  <  «  (  « 

t  t  (  1  t 

1  1  1  1  t 

1  1 

1  1 

PSPRL  29 

CS  7 

PSPRL  8 
PSPRL  9 

CS  10 

CS  11 

SA  001 

SA  002 

SA  003 
SA004 
SA005 

SA006 

SA007 

SA  008 
SA009 
SAOIO 

SAOll 

SA013 

SA014 

SA0I5 

SA016 

SA017 

SA018 

SA019 

PRL029 

SA012 

CS  007 

PRL008 

PRL009 

CS  010 

CS  Oil 

WIMS 
Site  ID'’ 

WP179 

SS180 

SDISI 

55182 

55183 
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ST186 

55187 

55188 

ST189 
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Treatment  Plants  (IWTPs).  Discontinuities  in  the  IWL  and  collection 
sumps  at  industrial  facilities  allowed  hazardous  chemicals  to  contaminate 
the  soil  and  groundwater.  Although  IWTPs  in  OU  A  have  been  decom¬ 
missioned,  to  this  day  the  IWL  conveys  industrial  waste  streams  from 
locations  around  the  Base  to  a  treatment  plant  in  OU  C. 

OU  B  Source  Area  History 

Ihe  following  information  on  OU  B  was  taken  from  the  OU  B  RUSAP 
(Radian  Corporation,  1991)  unless  otherwise  noted.  The  area  of  the 
Base  located  in  OU  B  was  reserved  for  maintenance,  storage,  electronic 
equipment  repair  and  testing,  and  preparation  of  ground  support  equip¬ 
ment.  Since  1940,  hazardous  materials  are  known  to  have  been  used, 
stored,  and  locally  disposed  of  in  OU  B.  Discharge  of  contamination  has 
been  documented  at  landfills,  underground  storage  tanks,  select  locations 
along  the  IWL,  and  in  storage  lots  and  maintenance  yards. 

From  1957  to  1971,  various  waste  disposal  pits  were  operated  around 
OU  B  where  a  host  of  contaminants  were  confirmed  to  have  been  dis¬ 
posed  of.  Such  burial  and  bum  pits  are  now  considered  to  be  major 
sources  of  soil  and  groundwater  contamination.  The  largest  documented 
contamination  releases  in  OU  B  occurred  along  sections  of  the  IWL  and 
in  hazardous  materials  storage  lots.  The  IWL  runs  underground  through 
the  middle  of  OU  B  and  has  transported  industrial  wastewater  for 
approximately  30  years.  Laboratories  and  electroplating  shops  routinely 
discharged  flows  laden  with  metals,  arsenic,  and  cyanide  conqmunds  to 
the  IWL  to  be  transported  to  IWTPs.  Certain  storage  lots  in  OU  B  have 
been  used  since  1955  to  store  hazardous  substances.  Spills  that  occurred 
in  such  facilities  were  commonly  washed  from  floors  and  concrete  pads 
onto  the  surrounding  soil  with  high  pressure  hoses. 

The  IWL  has  been  divided  into  nine  individual  sections.  Seven  of  the 
IWL  sections  and  32  other  sites  have  been  combined  into  eight  investiga¬ 
tion  clusters  (ICs). 

OU  C  Source  Area  History 

The  predominant  use  for  the  area  of  McClellan  APB  contained  within 
OU  C  was  waste  disposal.  Burial  and  bum  pits  were  used  to  dispose  of 
all  forms  of  solid  wastes,  industrial  waste  sludge,  waste  solvents,  oil, 
various  chemicals,  parts  from  lurcraft  engines,  and  possibly  evm  medical 
supplies.  Some  aboveground  facilities  were  used  to  store  low-level 
radioactive  wastes  prior  to  disposal  offbase.  Personnel  communication 
with  Base  employees  suggests  that  all  waste  streams,  wet  or  dry,  were 
probably  disposed  of  in  the  landfills  in  this  area.  Records  and  aerial 
photos  indicate  that  disposal  facilities  in  OU  C  were  operated  from  the 
late  1940s  until  the  mid  to  late  1980s  (CH2M  HILL,  1993). 

OU  D  Source  Area  History 

Waste  disposal  was  the  primary  activity  in  the  section  of  McClellan  AFB 
known  today  as  OU  D.  In  1956,  the  first  burial  pit  was  created  where 
sodium  valves  from  aircraft  engines  were  disposed  of.  More  burial  and 
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bum  pits  were  constructed  throughout  the  19608  and  1970s,  which 
received  refuse  solid  waste,  oil,  various  chemicals,  and  liquid  industrial 
sludge.  From  the  late  1970s  into  the  early  1980s,  many  of  the  burial  and 
bum  pits  were  closed  and  covered  with  soil.  In  1985,  the  Area  D  cap 
was  constmcted  over  the  closed  waste  pits.  By  capping  this  area,  the 
infiltration  of  surface  water  and  precipitation  through  the  waste  pits  was 
reduced,  resulting  in  an  apparent  reduction  of  contaminant  migration  to 
groundwater.  Buildings  within  OU  D  are  currently  used  for  offices  and 
laboratories,  and  the  waste  disposal  pits  are  no  longer  used  to  dispose  of 
any  form  of  waste  products  (CH2M  HIIX,  1992). 

Industrial  Waste  Line 

Information  regarding  the  industrial  waste  line  was  attuned  from  various 
OU  PAs,  SAPs,  and  RIs  that  the  IWL  passes  through. 

For  approximately  40  years,  the  IWL  has  conveyed  industrial  wastewater 
from  electroplating  shops,  laboratories,  and  other  industrial  facilities 
throughout  the  Base  to  IWTPs  in  OUs  A,  B,  and  C.  Although  the 
IWTPs  in  OUs  A  and  B  have  since  been  taken  out  of  service,  to  this  day 
the  IWL  conveys  industrial  waste  streams  from  locations  around  the  Base 
to  the  treatment  plant  in  OU  C. 

Installed  throughout  the  1940s  and  19S0s,  the  IWL  has  long  since  been 
considered  a  major  contributor  to  soil  and  groundwater  contamination. 
Discontinuities  in  the  line  have  allowed  solvents,  acids,  bases,  and  metals 
to  penetrate  into  surrounding  soil  and  eventually  reach  groundwater. 
During  the  late  1980s,  main  sections  of  the  IWL  were  leak-tested,  and 
some  of  the  leaking  sections  were  repaired.  Repairs  were  not  made  on 
all  det»'ted  leaks  because  access  to  some  sections  was  limited  by  smail- 
diameter  pipes,  small-diameter  elbows,  or  depth  of  the  pipe  below  the 
ground  surface.  The  IWL  is  located  3  to  20  feet  bgs.  Table  4-2  lists 
sections  of  the  IWL  in  OUs  A,  B,  C,  and  G  that  are  still  considered 
sources  for  soil  and  groundwater  contamination.  Figure  4-1 1  shows  the 
route  of  the  IWL.  As  indicated  in  the  figure,  the  pipeline  forms  a 
U-shape  around  the  southern  point  of  the  runway,  with  its  ends  extending 
as  far  north  as  OU  G  on  the  east  and  OU  C  on  the  west. 

OUs  E,  F,  G,  and  H 

Although  the  source  area  discussion  above  only  discusses  OUs  A,  B,  C, 
D,  and  the  IWL,  it  should  be  mentioned  that  other  OUs  do  exist  at 
McClellan  AFB.  Figure  4-10  shows  all  of  the  OUs  around  the  Base, 
including  OUs  E,  F,  G,  and  H,  not  previously  mentioned. 

Table  4-2  indicates  that  several  types  of  contamination  source  areas  have 
been  identified  within  the  boundaries  of  OUs  E,  F,  G,  and  H;  in  OU  E  a 
paint  waste  landfill  and  open  storage  areas  have  been  located;  OU  F 
contains  a  waste  area  of  unknown  contaminants;  OU  G  has  sections  of 
the  IWL,  aircraft  washracks,  aircraft  maintenance  focilities,  and  under¬ 
ground  storage  tanks;  and  OU  H  contains  a  spoil  area,  drainage  ditches 
and  ponds,  an  electroplating  shop,  degreaser  spray  booths,  and  aircraft 
maintenance  facilities. 
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Although  some  source  areas  have  been  identified,  no  detailed  assessments 
or  investigations  have  been  performed  for  OUs  E,  F,  G,  or  H.  There¬ 
fore,  data  from  these  OUs  that  would  be  considered  pertinent  to  the 
Groundwater  OU  RI/FS  Report  are  not  available.  Considering  the  threat 
that  contamination  in  OUs  A  through  D  pioses  to  human  health  both  on 
and  off  McClellan  AFB,  OUs  A,  B,  C,  and  D  were  considered  a  priority 
for  investigation  and  remedial  action  over  OUs  E,  F,  G,  and  H.  Investi¬ 
gation  of  site  conditions  at  OUs  E  through  H  will  likely  be  conducted  in 
the  future. 

Waste  and  Contaminant  Types 

As  outlined  above,  McClellan  AFB  activities  were  categorized  and  per¬ 
formed  in  specific  areas  of  the  Base.  OU  A  was  used  mainly  for  storage 
and  aircraft  maintenance,  with  some  waste  treatment  and  disposal  loca¬ 
tions.  OU  B  was  filled  with  storage  lots,  maintenance  facilities  for 
ground  vehicles,  and  waste  disposal  and  treatment  facilities.  The  pre¬ 
dominant  focus  of  OU  C  activities  was  waste  disposal.  Many  burial  and 
burn  pits  are  located  there  where  a  variety  of  sanitaiy  and  industrial 
wastes  were  disposed  of.  An  FWTP  is  still  located  in  OU  C  which,  to 
this  day,  handles  flow  from  the  IWL.  Contamination  sources  in  OU  D 
are  landfills  and  burn  pits,  indicative  of  the  main  activities  performed  in 
that  section  of  McClellan  AFB.  Table  4-3  summarizes  the  materials 
used,  wastes  produced,  and  contaminants  detected  at  each  of  the  OUs. 


Table  4-3 

Summary  of  Wastes  and  Contaminants 

By  Operable  Unit 

Page  1  of  2 

Operable  Unit 

Type  of  Waste 

Type  of  Contaminant 

A 

Confirmed  conUminanU:  Sol¬ 
vents,  paints,  jet  fuel,  oil, 
grease,  acids,  bases,  arsenic, 
cyanide,  industrial  and  saiutary 
waste  sludge,  photc^roceasing 
chemicals,  and  metals. 

TCE;  l.l-DCE;  1,2-DCA;  acetone; 
toluene;  carbon  tetrachloride;  1,1,1- 
TCA;  chloroform;  dichloromediane; 
benzene;  ethylbenzene;  chlorofluoro¬ 
carbon;  total  xylenes;  bis(2-ethylbexyl)- 
phthalate;  and  di-n-bu^lphthalate 

B 

Confirmed  contaminanu;  Sol¬ 
vents,  jet  and  automobile  fuels, 
laboratory  chemicals,  metals, 
cyanide,  arsenic,  oil,  grease, 
aircraft  generators,  acids,  and 
bases. 

TCE;  l.l-DCE;  1,2-DCA;  MEK;  oil; 
grease;  chlorofluorocarbon;  diethyl 
ether;  low-level  radioactive  wastewater; 
carbon  disulfide;  dichlorobenzene; 
chloroform;  arsenic;  cyanide;  methylene 
chloride;  barium;  chromium;  lead; 

PCBs;  and  dioxin/fiiran  compounds 

c 

Confirmed  conUminints:  Plas¬ 
tic,  paper,  wood,  industrial 
waste  sludge,  solvents,  oil, 
chemicals,  sodium  valves, 
aircraft  engine  parts,  medical 
supplies,  and  low-level  radio¬ 
active  wastes. 

TCE;  1,2-DCA;  1,1-DCE;  PCE;  oil; 
grease;  acetone;  2-butanone;  1 ,2- 
dichlorobenzene;  fluoranthene;  toluene; 
arsenic;  antimony;  barium;  cadmium; 
chromium;  copper;  lead;  nickel;  silver, 
thallium;  zinc;  di-n-bu^l  phthalate;  and 
bis(2-ethylhexyl)  phthalate 
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Table  4-3 

Summary  of  Wastes  and  Contaminants 

By  Operable  Unit 

Page  2  of  2 

Operable  Unit 

Type  of  Waste 

lype  of  Contaminant 

D 

Confirmed  contaminants: 

Sodium  valves,  plastic,  paper, 
oil,  liquid  industrial  sludge, 
solvents,  and  fuels. 

TCE;  l.l-DCA;  1,1,1-TCA;  PCE; 
acetone;  ethylbenzene;  toluene;  total 
jgrieoea;  vinyl  chloride;  1 ,2-dichloro¬ 
benzene;  1 ,3-dichlorobenzene;  1 ,4- 
dichlorobenzene;  naphthalene;  biB(2- 
ethylhexyl)phthalate;  chromium;  lead; 
cadmium;  nickel;  PCBs;  and 
dioxin/hiran  compounds 

E 

Potential  contaminanU:  Paint 
wastes  solvents,  radiation,  and 
petroleum  products. 

Unknown 

F 

PotentisI  conuminant;  Waste. 

Unknown 

G 

Potential  conuminants:  Petro¬ 
leum  products,  solvents,  prior¬ 
ity  pollutants,  and  VOCs. 

Unknown 

H 

Potential  contaminants:  Sol¬ 
vents,  metals,  petroleum  prod¬ 
ucts,  and  VOCs. 

Unknown 

4.4  Fate  and  Contaminant  Transport 

The  movement  of  contaminants  and  the  various  transport  mechanisms 
make  up  the  third  component  of  the  conceptual  model.  TCE,  cis-1,2- 
DCE,  PCE,  1,2-DCA,  and  vinyl  chloride  are  the  five  primary  prevalent 
contaminants  at  McClellan  AFB.  This  section  will  discuss  how  these 
prevalent  contaminants  migrate  by  addressing  the  following; 

•  The  chemical  and  physical  properties  of  the  VOCs  of 
concern  that  affect  contaminant  migration 

•  Contaminant  partitioning  into  the  following  phases:  dis¬ 
solved  into  the  groundwater  or  porewater,  sorbed  to  the 
aquifer  matrix,  or  existing  as  a  free  product 

•  Transport  mechanisms  that  affect  contaminant  movement: 
advection,  retardation,  molecular  diffusion,  and  hydrody¬ 
namic  dispersion 

•  Biodegradation 

Contaminant  properties  will  be  presented  first  followed  by  a  discussion  of 
the  physical  transport  mechanisms  that  are  responsible  for  the  distribution 
of  contamination  observed. 
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4.4.1 


Factors  Affecting  VOC  Migration 


The  chemical  properties  of  contaminants  govern  the  fate  and  transport  of 
each  compound.  The  potential  for  contaminants  to  migrate  through  the 
vadose  zone  to  the  groundwater,  and  then  subsequently  in  the  ground- 
water  depends  primarily  on  the  following  chemical  properties; 

•  Henry’s  constant 

•  Solubility  in  water 

•  Organic  carbon  partition  coefficient 

•  Vapor  pressure 

The  physical  properties  of  the  aquifer  also  affect  the  multiphase  partition¬ 
ing  of  contaminants  and  ultimately  their  migration  mechanisms.  The 
following  physical  properties  were  measured  during  OU  B  and  OU  D 
remedial  investigations  or  calculated  from  field  results; 


• 

Organic  carbon  content,  f„^; 

0.001  to  0.003 

• 

Vadose  zone  moisture  content  (%); 

0.15  to  0.25 

• 

Saturated  moisture  content  (%); 

0.30  to  0.35 

• 

Total  porosity  (n); 

0.4  to  0.5 

• 

Dry  bulk  density  (g/cm^); 

1.35  to  1.45 

• 

Saturated  bulk  density  (g/cm’); 

1.9 

Table  4-4  summarizes  the  values  of  each  of  the  chemical  properties  of 
the  prevalent  contaminants.  The  following  paragraphs  summarize  how 
each  of  these  properties  contribute  to  the  potential  for  contaminant 

migration. 


TaUe4^ 

PliyKal  and  Chonkal  Propertied  of  Prevalent  Groondwater  Cootanunaiita 

VOC* 

MCL 

(«/l) 

Mean* 

Detects 

(«rt) 

fVecpicoey 
of  DeCecta 

Mazmnan 

Detect 

(«/t) 

Vapor* 
Prraaiire 
(Dsn  Hg) 

Watet* 

Sohiliilinr 

(mg/1) 

HenryV 

Conatant 

(atmfn’^wl) 

Partitiod 

Coefficient 

TCE 

5 

4S.3 

31 

26,000 

39 

1,000 

0.00892* 

126 

ci»-l,2-DCE 

6 

3.34 

26 

210 

200* 

3,300 

0.0073  * 

32 

PCE 

5 

13.61 

11 

2,100 

14 

130 

0.0227* 

661 

U-DCA 

0.5 

1.7 

9 

120 

64 

8,690 

0.0011* 

14 

'  Value*  are  preaented  at  20*C  uoleaa  otherwiae  specified. 

‘  Value  U  at  23*  C. 

*  Mean  calculated  with  nondelecta  aa  zero. 

NOTE:  Statistfca  from  data  eet  prescoted  io  Section  4.6. 1 . 

Source:  U.S.  EPA,  1990. 
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Henry's  Constant  (K„) 

The  ability  of  a  compound  to  volatilize  from  water  depends  on  its 
Henry’s  constant.  The  lower  the  Henry’s  constant,  the  less  a  compound 
is  likely  to  volatilize  from  contaminated  groundwater  or  porewater  and 
move  to  the  gas/air  phase  in  the  vadose  zone.  For  example,  1,1-DCE 
has  a  Henry’s  constant  of  154x10’  (atm-m’/mol)  and  has  been  detected  at 
high  concentrations  in  the  soil  gas,  but  is  not  a  primary  COC  in  ground- 
water  and  porewater.  Conversely,  TCE  has  a  signiftcantly  lower 
Henry’s  constant  (9x10'’  atm-m’/mol);  it  is  not  as  widely  detected  in  soil 
gas,  but  is  a  COC  in  groundwater  and  porewater. 

Solubility  in  Water 

The  water  solubility  indicates  the  maximum  concentration  that  can  be 
attained  at  25°C  when  each  compound  is  dissolved  in  water.  The  solu¬ 
bility  limit  dictates  the  amount  of  contaminant  found  in  solution;  if  the 
aqueous  concentration  of  a  compound  equals  the  water  solubility  limit, 
the  compound  could  exist  as  free  product.  In  fact,  if  contaminant  con¬ 
centrations  detected  in  groundwater  approach  even  1  percent  of  the  water 
solubility,  the  presence  of  free  product  is  suspected.  More  soluble  con¬ 
taminants  would  be  expected  to  migrate  further  with  aqueous  advective 
flow  than  less  soluble  compounds  (EP A/540/2-90/01 1,  October  1990). 

Partition  Coefficient  fK^J 

The  organic  carbon  partition  coefficient  indicates  the  tendency  of  a  com¬ 
pound  to  adsorb  to  the  soil  matrix,  and  therefore  its  potential  for  move¬ 
ment  during  contaminant  transport.  The  higher  the  K„.,  the  more  the 
compound  is  adsorbed  to  a  given  amount  of  organic  carbon  exchange 
sites  in  the  soil  matrix  and  the  less  it  is  available  for  transport  in  the 
aqueous  phase. 

Vapor  Pressure 

The  vapor  pressure  of  a  given  compound  is  the  pressure  of  vapor  in 
equilibrium  with  a  pure  liquid  at  a  given  temperature.  It  indicates  the 
volatilization  potential  of  a  compound.  The  higher  the  vapor  pressure  the 
more  likely  the  compound  will  enter  the  vapor  phase.  The  vapor  pres¬ 
sure  is  an  important  consideration  when  contamination  has  been  identified 
to  exist  as  free  product,  also  known  as  nonaqueous  phase  liquids 
(NAPLs).  The  presence  of  NAPLs  has  not  been  confirmed  in  the  sub¬ 
surface  of  McClellan  APB,  but  is  strongly  suspected  based  on  the  dis¬ 
posal  history  and  the  groundwater  concentrations  observed  at  the  Base. 

4.4.2  Multiphase  Contaminant  Partitioning 

The  chemical  properties  of  the  prevalent  contaminants,  coupled  with  the 
aquifer  matrix  properties,  govern  the  extent  contaminants  will  partition 
into  phases.  Contaminants  in  the  vadose  zone  can  exist  in  up  to  four 
phases:  sorhed  to  the  soil  matrix,  dissolved  in  soil  gas,  dissolved  in 
porewater,  or  as  free  product.  Contaminants  in  groundwater  can  exist  in 
up  to  three  phases:  sorbed  to  the  soil  matrix,  dissolved  in  the 
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groundwater  or  porewater,  or  as  free  product.  Figure  4-12  illustrates 
possible  phases  above  and  below  the  water  table. 

VOCs  in  Groundwater  -  Sorbed  or  In  Solution 

Compounds  partition  differently  based  on  the  vapor  pressures.  Hem;  ’s 
constants,  water  solubility,  and  organic  carbon  partition  coefficients,  as 
discussed  previously.  At  equilibrium  conditions,  the  linear  relationships 
that  describe  partitioning  are  as  follows: 

•  C(air)  =  (K„)(C(water)) 

•  C(soil)  =  (fJ(KJ(C(water)) 

In  addition,  for  a  unit  volume  of  aquifer  material: 

•  V(water)  =  (porosity)(saturation)(unit  volume) 

•  V(air)  =  (porosity)(  1 -saturation)(unit  volume) 

Figure  4-13  demonstrates  ideally,  based  on  these  relationships,  how 
different  contaminants  would  partition  with  varying  water  contents,  given 
an  organic  carbon  content  of  0.2  percent.  The  percent  saturation  of  the 
McClellan  AFB  vadose  zone  soils  is  about  25  percent.  The  figures  show 
that  at  w  =  25  percent,  PCE  is  mostly  sorbed  to  the  soil  matrix  and  only 
marginally  dissolved  in  the  groundwater  or  the  soil  gas.  Even  at 
w  =  100  percent,  80  percent  of  PCE  mass  is  sorbed  to  the  soil  and  only 
20  percent  exists  in  the  groundwater.  This  would  be  expected  since  PCE 
has  a  high  organic  carbon  partition  coefficient  and  low  water  solubility. 
The  converse  is  true  for  1,1 -DCE;  at  w=25  percent,  it  exists  45  percent 
in  the  soil,  15  percent  in  the  porewater,  and  40  percent  in  the  soil  gas;  m 
the  groundwater  (W=  100  percent),  1,1 -DCE  exists  45  percent  in  the  soil 
and  55  percent  m  the  groundwater.  This  too  is  logical  smce  1,1 -DCE 
has  a  high  Henry’s  constant,  so  it  will  tend  to  partition  from  water  to  air; 
a  moderate  water  solubility,  so  it  will  dissolve  in  groundwater  at  satura¬ 
ted  conditions;  and  a  low  organic  partition  coefficient,  so  it  tends  not  to 
sorb  to  soil.  DDT  is  particularly  interesting,  because  even  at  high  per¬ 
cent  saturation,  DDT  will  partition  only  onto  the  soil  matrix.  Similar 
analyses  can  be  made  for  all  of  the  contaminants  present  at  the  Base. 

MOCs  as  Free  Product  -  Nonaqueous  Phase  Liquids 
(NAPLs) 

NAPLs  are  immiscible  fluids  that  may  be  present  in  unsaturated  and/or 
saturated  aquifer  zones.  There  are  two  classifications  of  NAPLs:  light 
and  dense.  The  classification  of  a  NAPL  is  based  on  the  unit  weight  of  a 
NAPL  compared  to  the  unit  weight  of  water.  Light  NAPLs  (LNAPLs) 
are  lighter  than  water  and  will  float  if  they  reach  the  water  table.  Dense 
NAPLs  (DNAPLs)  are  heavier  than  water  and  will  sink  should  they 
encounter  the  water  table. 
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FIGURE  4-12 
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FIGURE  4-13 

EFFECTS  OF  Kqc  ON  CONTAMINANT 
PARTITIONING  UNDER  EQUILIBRIUM  CONDITIONS 
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Substances  that  form  LNAPLs  include;  petroleum  fuels  (gasoline,  diesel, 
and  oil)  and  unchlorinated  aliphatic  and  aromatic  hydrocarbons,  such  as 
benzene,  xylene,  naphthalene,  hexane,  ketones,  and  ethers  (Graf,  1991). 
Many  of  these  compounds  have  been  detected  in  soil  and  groundwater 
samples  at  McClellan  AFB;  therefore,  it  is  likely  that  LNAPLs  exist  at 
some  locations  around  the  Base.  However,  LNAPLs  cannot  sink  through 
the  saturated  zone  and  therefore  do  not  pose  as  serious  a  long-term  threat 
to  groundwater  quality  as  do  DNAPLs.  For  this  reason,  this  section 
discusses  the  presence  and  implications  of  DNAPLs  in  the  subsurface 
environment  at  McClellan  AFB  and  outlines  factors  that  govern  mass 
movement  of  DNAPL  contaminants  in  unsaturated  and  saturated  aquifer 
zones. 

Presence,  Implications,  and  Mass  Movement  of 
DNAPLs 

Information  for  this  section  is  obtained  mainly  from  DNAPL  Site  Investi¬ 
gation  by  Robert  M.  Cohen  and  James  W.  Mercer,  unless  otherwise 
noted. 

Most  halogenated  fluids  are  DNAPLs.  Some  examples  include:  TCE, 
tetrachloroethene  (PCE),  trichloroethane  (TCA),  methylene  chloride, 
carbon  tetrachloride,  trichlorotrifluoroethane  (Freon-113),  pentachloro- 
phenol,  coal  tar  wastes,  and  pesticides  (Graf,  1991).  The  potential  for 
long-term  contamination  of  groundwater  by  DNAPL  chemicals  is  high 
because  of  their  toxicity,  limited  solubility,  and  migration  potential  in  soil 
gas,  groundwater,  and/or  in  a  separate  phase.  Remediation  plans  that  do 
not  account  for  the  possible  presence  of  DNAPL  contaminants  in  the 
vadose  zone  and/or  saturated  zone  will  greatly  underestimate  the  time 
and  effort  required  to  achieve  remediation  goals. 

DNAPL  in  the  Vadose  Zone 

If  present  in  the  vadose  zone,  DNAPL  can  continue  contaminating 
groundwater  following  two  transport  mechanisms:  dissolution  and  vapor 
transport. 

Once  a  volume  of  DNAPL  is  released  at,  or  below,  ground  surface, 
gravity  causes  it  to  migrate  downward  through  the  soil.  This  vertical 
descent  is  accompanied  by  lateral  spreading  caused  by  capillary  forces 
and  layering  variations  within  the  soil  mass.  As  the  DNAPL  sinks 
through  the  vadose  zone,  a  certain  amount  is  entrapped  in  the  soil  at 
residual  saturation.  Depending  on  the  amount  of  DNAPL  released,  and 
the  thickness  of  the  vadose  zone,  the  entire  mass  of  DNAPL  could  be 
immobilized  before  reaching  groundwater.  With  each  groundwater 
recharge  event,  DNAPL  captured  within  the  vadose  zone  will  slowly  dis¬ 
solve  into  infiltrating  precipitation  and  be  carried  to  the  water  table. 
Because  of  its  low  solubility,  DNAPL  will  remain  in  the  soil  for  years 
and  act  as  a  long-term  source  for  groundwater  contamination. 

In  addition  to  dissolving  into  infiltrating  precipitation,  DNAPL  caught  in 
the  vadose  zone  can  volatilize  and  form  a  gaseous  plume  in  the  soil  air 
around  the  DNAPL  source.  If  DNAPL  vapor  density  is  significantly 
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greater  than  air,  the  dense  vapors  will  sink  through  the  vadose  zone  to 
the  water  table  and  dissolve  in  groundwater.  Through  vapor  transport, 
DNAPL  trapped  in  the  vadose  zone  will  function  as  a  continuous  source 
for  groundwater  contamination.  Dissolution  and  vapor  transport  of 
DNAPLs  in  the  vadose  zone  can  cause  groundwater  plumes  with  high 
chemical  concentrations  for  a  sustained  period  of  time.  If  DNAPLs  are 
not  accounted  for,  cleanup  will  take  more  effort  and  time  than  originally 
anticipated. 

DNAPL  in  the  Saturated  Zone 

If  a  sufficient  volume  of  DNAPL  is  released  to  allow  flow  above  residual 
saturation  through  the  vadose  zone,  a  mass  will  accumulate  at  the  capil¬ 
lary  fringe.  It  will  spread  laterally  and  deepen  until  the  pressure  devel¬ 
oped  at  the  base  of  the  accrued  DNAPL  exceeds  the  threshold  entry 
pressure  of  the  underlying  water-saturated  medium.  Once  within  the 
saturated  zone,  DNAPL  will  continue  its  descent  downward  until  it 
encounters  a  fmer  grain  barrier  layer.  Although  vertical  migration  is 
halted  or  slowed  at  this  point,  lateral  spreading  will  occur  if  the  barrier 
layer  slopes  in  any  direction.  Forces  caused  by  gravity  and  fluid  pres¬ 
sure  will  drive  DNAPL  in  the  sloping  direction  along  a  confining  layer, 
even  if  the  barrier  layer  slopes  in  a  direction  opposite  to  the  hydraulic 
gradient.  It  is  unusual  for  hydraulic  forces  to  control  the  flow  direction 
of  DNAPL. 

Should  the  DNAPL  mass  encounter  any  bowl-shaped  depressions,  or 
traps,  in  the  confining  layer,  it  will  fill  the  depressions  and  form  standing 
reservoirs  and  pools.  Any  DNAPL  that  overflows  the  pools  will  con¬ 
tinue  downslope.  Discontinuities  such  as  cracks,  root  holes,  and  poorly 
sealed  wells  and  boreholes  provide  preferential  pathways  for  the  DNAPL 
to  follow  and  continue  to  spread.  Eventually,  the  entire  DNAPL  mass 
will  be  present  as  pools,  fmgers,  and  disconnected  globules  and  ganglia 
throughout  the  saturated  zone.  A  fixed  mass  of  DNAPL  will  eventually 
become  immobilized  by  residual  saturation  and/or  stratigraphic  traps. 

Throughout  the  process  of  mass  movement,  whether  the  DNAPL  mass 
remains  mobile  or  becomes  stationary,  it  slowly  dissolves  into  flowing 
groundwater.  Dissolution  of  DNAPL  in  the  saturated  zone  can  take 
decades  or  centuries  to  complete.  Factors  affecting  the  rate  at  which 
DNAPL  dissolves  are  chemical  solubility,  groundwater  velocity,  and 
water-DNAPL  contact  area. 

DNAPLs  are  generally  composed  of  a  mixture  of  multiple  chemicals,  so 
the  chemical  solubility  of  DNAPLs  covers  a  wide  range  of  limits.  Field 
measurements  commonly  indicate  that  organic  compounds  in  groundwater 
are  at  concentrations  less  than  10  percent  of  DNAPL  solubility  limits. 
This  remains  true  even  where  DNAPLs  are  known  or  expected  to  be 
present. 

Groundwater  velocity  also  determines  the  rate  at  which  a  mass  of 
DNAPL  dissolves.  As  groundwater  velocity  in  the  saturated  zone 
increases,  the  DNAPL  mass  will  dissolve  more  readily. 
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Water-DNAPL  contact  area  is  the  third  major  contributing  factor  in  the 
dissolution  rate  of  a  DNAPL  mass  in  the  saturated  zone.  DNAPL  pools 
dissolve  slower  than  DNAPL  fingers  and  ganglia,  because  of  the  smaller 
area  in  which  water  comes  in  contact  with  the  DNAPL.  Therefore,  if 
DNAPL  exists  as  a  pool  or  reservoir,  it  can  be  expected  to  be 
particularly  long-lasting. 

Before  remedial  alternatives  are  chosen  for  a  particular  site,  it  is  impera¬ 
tive  that  the  issue  of  DNAPL  presence  be  addressed.  Regardless  if 
DNAPLs  exist  in  the  vadose  zone  or  saturated  zone  of  an  aquifer,  they 
will  function  as  a  long-term  source  for  groundwater  contamination.  The 
presence  of  DNAPL  will  be  felt  for  many  years  depending  on  the  mass, 
solubility,  and  vertical  and  horizontal  dispersion  of  the  DNAPL  source. 

If  remediation  is  implemented  at  a  site  before  considering  the  presence  of 
DNAPL,  cleanup  time,  effort,  and  cost  may  be  drastically  under¬ 
estimated. 

4.4.3  Transport  Mechanisms  in  the  Groundwater 

Advection,  molecular  diffusion,  and  hydrodynamic  dispersion  are  the 
main  groundwater  transport  mechanisms  for  any  contaminant.  The 
following  paragraphs  discuss  these  transport  phenomena  as  they  relate  to 
the  McClellan  AFB  groundwater  system. 

Advection 

In  most  situations,  advection  is  the  most  significant  transport 
phenomenon  for  chemicals  in  groundwater.  Groundwater  moves  under 
the  influence  of  gravity  (unconfined  and  confined  aquifers)  and/or 
pressure  (confined  aquifers)  and  carries  the  dissolved  chemicals.  Thus, 
advection  of  the  contaminants  results  from  the  mean  flow  of  ground- 
water.  Figure  4-14  shows  the  transport  of  chemicals  by  advection  (dense 
red  dots  area).  As  can  be  seen,  advective  transport  contributes  most  to 
the  movement  of  chemicals  in  a  subsurface  environment.  The  concentra¬ 
tion  of  a  compound  in  groundwater,  and  therefore  the  rate  of  transport 
by  that  water,  can  be  limited  by  its  equilibrium  solubility.  Usually,  the 
solubility  liout  of  a  compound  is  not  a  limiting  factor  except  at  the 
source,  as  the  solubility  is  generally  high  compared  to  the  concentrations 
found  in  groundwater.  Generally,  the  concentration  of  a  contaminant  in 
the  groundwater  does  not  reach  its  water  solubility  limit.  For  example, 
although  the  maximum  recorded  TCE  concentration  sample  at  a  monitor¬ 
ing  well  is  68,000  /(g/l,  the  water  solubility  of  TCE  is  approximately 

1,200,000 /tg/1. 

Many  chemicals  adsorb  to  the  organic  layer  of  the  soil  matrix  and 
become  fixed  to  the  soil  surfaces.  The  portion  of  the  contamination  that 
is  sorbed  to  soil/aquifer  material  is  not  subject  to  advection  (cannot  flow 
with  groundwater).  Therefore,  sorption  of  chemicals  on  soil  or  aquifer 
material  "retards"  the  solute  transport  by  advection.  Figure  4-lS  illus¬ 
trates  the  sorption  of  contaminant  molecules  onto  soil/aquifer  material 
and  the  differences  between  the  rate  of  movement  of  contaminants  versus 


RDD\100136AD.WP5  (QW  RI/FS) 


4-40 


6/23/94 


R00MS4_S8 


FIGURE  4-14 

TRANSPORT  MECHANISMS  IN 
SUBSURFACE  FLOW 

GROUNDWATER  OPERABLE  UNIT  RI/FS 

McClellan  AIR  force  base 

SACRAMENTO,  CALIFORNIA 


*  Th»raiHool<x)noaniraMoninthegroun(tiwMi/jm«w8tar  toconcsnimionof  ViesoN 
matrix  remains  constant  for  a  givin  contaminant  because  of  equilibrium  between 
concentrations  in  ttie  phases.  This  process  is  known  as  Equilibrium  Sorption. 
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FIGURE  4-15 
RETARDATION  DUE  TO 
SORPTION  OF  CHEMICALS 

GROUNDWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO,  CALIFORNIA 
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groundwater  due  to  adsorption.  The  retardation  Austor  R  for  any  chemi¬ 
cal  is  given  by; 


Jl=  1  +  (bulk  density)(Ip)lporosity 

where  Kp  is  the  partition  coeiliciait.  The  solute  velocity  in  the  ground- 
water  (vO  is  given  by: 


v'  =  »/* 

where  v  is  the  pore  velocity  (=  Darcy  velocity  /  porosity).  The  value  of 
R  can  range  from  1  for  nonsoibing  solutes  to  as  high  as  2  to  10  for 
strongly  sorbing  VOCs.  Thus,  the  strongly  sorbing  VOCs  might  move 
in  groundwater  2  to  10  times  slower  con^Mred  to  groundwater. 

In  the  above  section,  it  is  assumed  that  the  partitioning  of  chemical 
betwem  soil  and  water  is  an  instantaneous  (equilibrium)  process.  In 
most  cases,  sorption-desorptimi  of  VOCs  is  a  Idnetic  process  or  a  combi¬ 
nation  of  equilibrium  and  kinetic  processes.  The  significance  of  kinetic 
sorption-desorption  is  that  remediation  of  a  contaminated  aquifer  may 
require  flushing  of  more  pore  volumes  than  would  be  estimated  assuming 
equilibrium  conditions. 

Molecular  Diffusion 

Molecular  diffusion  is  a  chemical  phenomenon  that  equalizes  the  solute 
concoitration  by  moving  solute  from  high  concentration  zones  to  low 
concentration  zones  and  acts  in  aU  directions  where  any  concontration 
gradient  occurs  (Figure  4-16).  The  driving  force  for  molecular  diffusion 
is  differoitial  concoitrations.  The  diffusion  coefficient  of  a  chemical  in 
groundwater  is  a  fraction  of  its  diffusion  coefficimt  in  water.  Therefore, 
molecular  diffusion  in  groundwater  is  a  slow  process  compared  to  advec- 
tion  and  is  generally  ignored  in  large-scale  systems. 
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HGURE  4-16 

DIFFUSION  AND  DISPERSION  OF 
CONTAMINANT  IN  SUBSURFACE 

GROUNDWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO,  CALIFORNIA 
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Hydrodynamic  Dispersion 


In  groundwater  flow,  a  chemical  gradually  spreads  and  occupies  an  ever 
increasing  volume  of  the  flow  domain,  beyond  the  region  it  is  expected 
to  occupy  based  on  average  flow  alone.  Hiis  spreading  of  the  chemical 
mass  (dispersion)  is  a  result  of  variations  in  local  velocity,  both  m  mag¬ 
nitude  and  direction,  along  tortuous  flow  paths.  The  driving  force  for 
dispersion  is  the  local  vauriations  in  the  mean  flow  velocity.  The  flow 
velocity  variations  can  be  a  result  of  inhomogeneity  at  the  microscopic 
scale  (presence  of  pores,  grains)  as  well  as  at  a  macroscopic  scale  (varia¬ 
tions  in  permeability,  presence  of  layers). 

Dispersion  takes  place  in  the  direction  of  flow  (longitudinal  dispersion) 
and  in  the  direction  perpendicular  to  the  flow  (transverse  dispersion). 

The  dispersion  coefficient  is  usually  expressed  as  a  fraction  of  ground- 
water  velocity.  The  longitudinal  dispersion  is  usually  one  order  of  mag¬ 
nitude  smaller  than  advection.  The  ratio  of  longitudinal  to  transverse 
dispersion  is  about  5-20:1,  making  transverse  dispersion  even  smaller. 
Thus,  a  chemical  mass  disperses  more  along  the  direction  of  flow  than 
directions  perpendicular  to  the  flow  (Figure  4-16). 

The  sorbed  portion  of  a  chemical  is  not  available  for  dispersion.  The 
effective  dispersion  coefficient  is  given  by: 

D'  =  DjR 

where  D'  is  the  effective  dispersion  coefficient,  D  is  the  theoretical 
dispersion  coefficient,  and  R  is  the  retardation  factor  of  the  solute  of 
interest. 

From  the  above  discussion,  it  can  be  inferred  that,  in  groundwater  trans¬ 
port,  the  most  important  phenomenon  is  the  advection  of  solutes  with  the 
groundwater.  In  addition,  an  accurate  characterization  of  the  sorption 
coefficient  of  the  solute  in  question  is  necessary  to  estimate  the  transit 
times  and  total  pumping  required  for  pump-and-treat  systems. 

4.4.4  Biodegradation  Potential 

The  VOCs  of  concern,  TCE,  PCE,  cis-l,2-DCE,  and  1,2-DCA,  may 
have  been  used  as  solvents  in  and  discharged  at  source  areas  or  may 
occur  in  the  groundwater  as  a  result  of  the  natural  degradation  of  parent 
solvent  contaminants.  The  history  of  solvent  use  and  disposal/release  is 
not  sufficiently  understood  to  positively  identify  the  origin  of  these  preva¬ 
lent  VOCs.  This  section  will  discuss  the  biodegradation  mechanisms  of 
the  prevalent  VOCs  at  the  site  followed  by  a  brief  description  of  the 
natural  attenuation  potential  of  the  McClellan  groundwater  system. 

Degradation  Mechanisms 

Natural  degradation  mechanisms  include  both  biological  and  abiotic 
transformation  processes. 
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All  of  the  four  common  solvents  can  be  biodegraded  anaerobically. 
Anaerobic  biotransformation  occurs  by  reductive  dehalogenation,  in 
which  chlorine  atoms  are  removed  from  the  contaminant  molecule  one  at 
a  time  and  replaced  with  hydrogen.  Most  of  the  possible  degradation 
products  listed  above  can  be  formed  by  this  process.  For  example,  anaer¬ 
obic  biodegradation  of  PCE  and  TCE  follows  the  sequence:  PCE  -> 

TCE  ■>  1 ,2-DCE  VC  ethene  and  CO^.  The  sequences  are 

presented  in  Figure  4-17. 

Of  the  four  common  solvents,  only  TCE  is  amenable  to  aerobic  biodegra¬ 
dation,  and  this  occurs  via  cometabolism.  Cometabolism  occurs  when  an 
appropriate  primary  organic  substrate  induces  a  certain  group  of  micro¬ 
organisms  to  produce  nonspecific  eiuymes  which  initiate  transformation 
of  a  different  compound  (in  this  case  TCE  or  certain  other  prevalent 
contaminants)  without  providing  benefit  to  those  organisms.  Aerobic 
cometabolism  caimot  occur  in  the  absence  of  an  ^propriate  primary 
substrate  (e.g.,  methane,  toluene,  phenol,  propane,  ammonium),  oxygen, 
or  the  appropriate  microorganisms. 

The  nonchlorinated  organic  contaminants  such  as  ketones  and  BTEX  are 
readily  biodegradable  under  aerobic  conditions  without  cometabolism. 
Aerobic  biodegradation  of  these  compounds  is  most  conunonly  con¬ 
strained  by  the  availability  of  oxygen. 

The  abiotic  transformation  process  can  potentially  play  an  important  role 
in  natural  attenuation  of  contaminants.  Two  examples  of  chemical 
(abiotic)  transformations  of  prevalent  contaminants  are  the  degradation  of 
TCE  epoxide  (the  initial  product  in  aerobic  cometabolism  of  TCE)  to 
organic  acids  and  other  products,  and  the  transformation  of  1,1,1-TCA  to 
1,1-DCE. 


Natural  Attenuation  at  McClellan  AFB 

A  rigorous  assessment  of  natural  attenuation  of  groundwater  contaminants 
at  McClellan  AFB  would  require  a  considerable  effort  and  is  beyond  the 
scope  of  this  feasibility  study.  Nevertheless,  some  general  comments  can 
be  made  about  possible  indications  of  natural  attenuation  drawn  from 
groundwater  monitoring  data. 

During  the  OU  D  RI  sampling  performed  in  summer  1993,  elevated 
concentrations  of  VC  were  measured  in  groundwater  from  several  moni¬ 
toring  wells  and  three  extraction  wells.  This  indicates  that  significant 
anaerobic  biodegradation  of  chlorinated  ethenes  has  occurred  in  their 
vicini^.  Vinyl  chloride  was  also  detected  in  the  influrat  to  the  ground- 
water  treatment  plant  in  1992  and  1993.  Monitoring  wells  where  vinyl 
chloride  has  been  detected  suggest  areas  of  anaerobic  conditions;  these 
areas  are  presented  in  Figure  4-18. 

Taking  a  closer  look  at  EW-73  as  an  example,  the  prevalent  contaminants 
detected  at  relatively  high  concentrations  (>  1  mg/1)  are  TCE,  1,1,1- 
TCA,  1,1-DCA,  1,1-DCE,  1,2-DCE,  and  VC.  PCE  was  either  not 
detected  or  present  at  relatively  low  levels.  It  appears  likely  that  TCE  is 
undergoing  anaerobic  biodegradation  to  1,2-DCE  and  VC  (and. 
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presumably,  innocuous  nonchlorinated  end  products).  1,1,1-TCA  may 
be  undergoing  transformation  by  both  anaerobic  biodegradation  to  1,1- 
DCA  and  abiotic  transformation  to  1 , 1  -DCE.  However,  concentrations 
of  1,1-DCE  are  substantially  higher  than  1,1,1-TCA,  so  another  possible 
explanation  for  the  presence  of  1,1-DCE  is  that  it  was  used  as  a  solvent 
at  McClellan  APB  and  is  an  original  contaminant.  Since  toluene  is 
present  at  EW-73,  it  is  possible  that  some  aerobic  cometabolism  of  TCE 
and  1,2-DCE  could  occur,  but  there  is  no  way  to  determine  this  from  the 
contaminant  data.  Also,  no  data  have  been  reviewed  (if  available)  to 
ascertain  the  aeration/electron  acceptor  status  of  groundwater  at  EW-73. 

In  sununary,  it  seems  evident  that  natural  attenuation  of  groundwater 
contaminants  is  occurring  in  at  least  some  locations  at  McClellan  AFB. 
These  natural  attenuation  processes  include  anaerobic  biodegradation  and 
may  also  include  abiotic  and  aerobic  biodegradation  mechanisms.  The 
extent  and  rate  of  natural  attenuation  are  impossible  to  assess  without  a 
substantial  effort,  and  probably  collection  of  additional  analytical  data, 
which  is  beyond  the  scope  of  this  project. 


4.5  Physical  Transport  Mechanisms 

The  physical  groundwater  transport  mechanisms  make  up  the  fourth 
component  of  the  conceptual  model.  The  direction  and  extent  of  contam¬ 
inant  migration  often  mirrors  historical  and  present  groundwater  flow; 
contaminants  migrate  vertically  and  horizontally  under  the  influences  of 
regional  and  Base  pumping.  This  section  will  discuss  how  the  following 
physical  transport  mechanisms  and  characteristics  of  the  groundwater 
flow  system  influence  contaminant  migration; 

•  Historical  movement  of  groundwater 

•  Decline  in  water  levels 

•  Current  horizontal  and  vertical  groundwater  flow  conditions 

•  Water  balance 

•  Base  and  domestic  well  pumpage 

•  Base  wells  to  be  decommissioned 

A  presentation  of  the  current  groundwater  conditions  concludes  this 
section. 

4.5.1  Historical  Movement  of  Groundwater 

During  this  century,  groundwater  has  been  pumped  from  the  area  sur¬ 
rounding  McClellan  AFB  for  irrigation  and  municipal  or  domestic  water 
supply.  As  a  result  of  the  pumping,  more  groundwater  has  been  extrac¬ 
ted  for  use  than  has  been  supplied  by  natural  recharge.  Average  annual 
rainfall  in  the  Sacramento  area  is  approximately  17  inches.  The  water 
level  within  the  aquifer  system  has  been  dropping  continuously  for 
approximately  SO  years.  At  the  present  time,  the  only  discharge  of 
groundwater  is  by  pumping  of  irrigation  and  supply  wells  and  by  the 
pumping  of  onbase  extraction  wells  as  part  of  remedial  actions. 
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Figure  4-19  shows  the  changes  in  regional  groundwater  flow  from  1912 
to  1989.  Genera]  groundwater  flow  directions  have  varied  greatly  over 
the  past  80  years,  but  have  persisted  in  a  south  to  southwesterly  direction 
over  the  past  decade.  Increasing  agricultural.  Base,  and  community 
water  supply  use  are  the  primary  causes  of  the  regional  groundwater 
decline.  Figure  4-20  illustrates  the  approximate  historic  rates  of  water 
level  decline. 
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RGURE  4-20 

HISTORIC  WATER  LEVEL  DECLINE 

GROUNDWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO,  CAUFORNIA 


A  significant  regional  groundwater  depression  has  persisted  south  of  the 
Base  since  the  early  1980s.  This  depression  is  caused  by  pumping  near 
and  on  the  Base  as  well  as  the  pattern  of  recharge  entering  the  aquifer 
system.  The  aquifer  beneath  McClellan  AFB  receives  recharge  from  the 
American  River  to  the  South,  from  the  Sacramento  River  to  the  west, 
from  various  small  creeks  to  the  North,  and  from  mountain  front 
recharge  of  precipitation  to  the  east.  This  spatial  distribution  of  recharge 
will  tend  to  create  a  cone  of  depression  near  the  center  of  the  aquifer 
surrounded  by  recharge  sources,  even  if  pumping  is  fairly  evenly  distrib¬ 
uted  across  the  area. 

4.5.2  Decline  in  Water  Levels 

Within  the  last  10  years,  water  levels  in  Monitoring  Zone  A  have  been 
declining  at  a  rate  of  1. 1  to  2  feet  per  year.  Agricultural  and  domestic 
pumping  have  caused  the  regional  water  level  decline.  Recent  declines 
(in  the  Base  area)  are  due  primarily  to  a  combination  of  Base  and  extrac¬ 
tion  well  pumping  superimposed  on  the  regional  decline. 
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The  water  level  decline  has  been  examined  in  three  of  the  Operable 
Units.  Figure  4-19  shows  in  plan  view  the  location  of  these  cross 
sections.  Water  level  declines  in  OU  A,  OU  B/C,  and  OU  D  between 
1986  and  1992  are  presented  in  Figures  4-21,  4-22,  4-23,  and  4-24. 
Hydrographs  of  A-zone  wells  that  depict  these  water  level  declines  are 
presented  in  Figure  4-25. 

In  OU  D,  a  sharp  drop  in  head  occurs  in  1987  when  the  six  OU  D 
extraction  wells  were  put  into  operation.  These  wells  are  screened  in 
Monitoring  Zones  A  and  B  (40  to  60  feet  bgs).  They  collectively  pump 
approximately  80  gpm.  The  four  OU  C  extraction  wells  were  put  into 
operation  in  1988.  One  well  is  screened  across  Monitoring  Zones  A  and 
B,  two  are  screened  in  Monitoring  Zone  B,  and  one  in  Monitoring 
Zone  C.  The  effects  of  their  pumpage  may  not  be  as  apparent  because 
their  pumpage  is  distributed  over  three  monitoring  zones,  they  are  more 
widely  spaced,  and  they  are  in  close  proximity  to  the  drawdown  cone 
created  by  BW-18. 

Two  extraction  wells  have  been  installed  at  OU  B.  Collectively  these 
wells  pump  only  8  gpm,  and  no  influence  on  water  levels  from  their 
extraction  is  obvious  on  the  figures. 

Monitoring  Zone  A  is  dewatering  due  to  the  regional  decline  in  water 
levels  over  time.  As  a  result,  several  A-zone  monitoring  wells  onbase 
have  already  been  abandoned  or  converted  to  soil  vapor  monitoring 
wells.  The  limited  saturated  thickness  remaining  in  this  unit  results  in 
extremely  low  transmissivities.  This  will  severely  limit  the  amount  of 
water  that  can  be  pumped  from  any  single  A-zone  extraction  well  and 
will  require  that  any  A-zone  remedial  action  based  solely  on  groundwater 
extraction  include  a  large  number  of  extraction  wells  to  contain  a  given 
target  volume. 

Smear  Zone 

The  decline  of  the  water  table  in  areas  of  significant  groundwater  con¬ 
tamination  results  in  contaminants  remaining  adsorbed  to  the  soil  parti¬ 
cles  and  dissolved  in  the  residual  water  of  the  vadose  zone.  This  process 
creates  what  is  commonly  referred  to  as  a  "smear  zone. "  Figures  4-26 
and  4-27  depict  the  process  by  which  the  water  table  decline  contributes 
to  the  contamination  of  the  vadose  zone  and  consequently  the  creation  of 
a  smear  zone.  The  following  processes  contributed  to  the  development 
of  the  smear  zone: 

•  Historically,  water  levels  were  close  to  the  bottom  of  waste  pits 
and  source  areas.  Contaminants  migrated  from  these  source 
areas  to  the  groundwater  by  dissolving  either  into  the  ground- 
water  at  the  water  table  interface  or  into  rainwater  that  was 
infiltrating  through  the  vadose  zone  to  the  water  table. 

•  As  the  water  table  declined,  depending  on  their  relative  phase 
partitioning  tendencies,  a  certain  portion  of  the  contaminants 
remained  in  solution  in  the  groundwater,  partitioned  into  soil 
gas,  and  sorbed  onto  soil  particles.  The  contaminants  that 
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volatilized  into  the  soil  gas,  were  dissolved  in  residual  soil 
water,  or  were  adsorbed  onto  soil  particles  while  the  water  table 
declined  constitute  the  smear  zone. 

•  Prior  to  the  operation  of  soil  vapor  extraction  ^sterns,  con¬ 
taminants  in  the  soil  gas  have  migrated  primarily  under  diffusive 
concmitration  gradients.  Compounds  sorbed  to  soil  surfaces  are 
considered  immobile,  exc^t  for  the  componoit  that  is  flushed 
from  the  soil  particles  by  infiltration  of  precipitation. 

•  Contaminant  that  remained  in  the  groundwater  have  been 
migrating  primarily  by  liquid  advection  drivm  by  vertical  and 
horizontal  hydraulic  gradients. 

•  As  the  water  table  declines,  the  thickness  of  the  smear  zone 
increases.  TUs  increase  should  be  considered  when  imple¬ 
menting  vadose  zone  remedies  and  when  inq>lementing  A-zone 
extraction  options. 

•  Since  the  water  table  has  declined  from  near  source  area  dq>ths, 
the  main  migration  routes  for  contaminants  from  the  source 
areas  to  the  water  table  are  either  through  infiltration  of 
rainwater,  through  diffusion  of  soil  gas,  or  by  gravity.  To 
reduce  migration  by  infiltration  through  the  source  areas,  several 
source  areas  have  already  been  excavated  and/or  capped  with 
low  permeability  materials. 

Contaminant  partitioning  between  the  vadose  zone  and  the  groundwater  is 
a  continuous  and  dynamic  exchange.  The  physical  properties  of  com¬ 
pounds  such  as  Henry’s  constant,  water  solubility,  and  organic  carbon 
partition  coefficient  govern  the  extent  that  contaminants  will  partition  into 
soil  gas,  groundwater,  and  soil,  respectively.  Wbm  the  ^stem  is  at 
equilibrium,  the  contaminant  mass  in  the  different  phases  does  not 
change.  But  because  of  groundwater  hydraulic  gradients  and  soil  gas 
concmtration  gradients,  the  subsurface  system  is  rarely  in  equilibrium, 
and  there  is  a  constant  exchange  of  contaminant  among  the  three  phases. 


4.5.3  Particle  Tracking  Analysis 

A  major  uncertainty  that  rertudns  at  McClellan  AFB  is  the  spatial  distri¬ 
bution  of  contamiruition  in  the  vadose  zone  between  confirmed  source 
areas  and  the  currmtly  identified  distribution  of  contamination  in  shallow 
groundwater.  Some  estimates  of  where  this  vadose  zone  contamination 
likely  exists,  and  how  it  is  distributed  in  the  subsurface,  can  be  made 
based  on  the  known  historical  disposal  methods  and  historical  ground- 
water  flow  information.  The  strategy  used  was  to  assume  that  the 
contaminants  originating  from  the  vadose  zone  source  areas  moved  ver¬ 
tically  until  they  reached  the  water  table  in  about  1950.  Based  on 
historical  water  level  contour  tmq>s  available  periodically  fiom  1953  to 
1993  from  Sacramoito  County,  the  direction  and  velocity  of  this  con¬ 
tamination  in  the  groundwater  could  be  estimated.  The  1993  water  levels 
for  the  A-xone  were  obtuned  from  the  GSAP.  This  information  was 
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sufficient  to  calculate  the  path  that  a  contaminant  particle  reaching  the 
water  table  in  1950  would  take  using  the  following  form  of  Darcy’s  law: 

V  =  (X  X  /)/0 

Where  v  is  the  interstitial  groundwater  velocity  (feet/day),  K  is  the 
aquifer  hydraulic  conductivi^  (feet/day),  /  is  the  horizontal  hydraulic 
gradient  (foot/foot),  and  6  is  the  transport  porosi^  of  the  aquifer 
(porosity  available  for  advective  transport).  The  hydraulic  conductivity 
was  assumed  to  range  between  10  and  30  feet/day.  Groundwater  contour 
miq>s  were  available  at  approximately  S-year  intervals  between  1950  and 
1993.  These  maps  were  used  to  calculate  the  horizontal  hydraulic 
gradient  and  direction  in  the  vicinity  of  each  OU  at  McClellen  AFB,  for 
the  specified  time  period.  Based  on  these  estimates  of  groundwater 
velocity,  the  distance  a  conservative  particle  would  travel  over  a  5-year 
period  was  calculated,  and  plotted  in  the  appropriate  direction.  The  term 
"conservative  particle’  describes  a  particle  that  does  not  transform  and  is 
not  retarded  by  sorption.  These  pathlines  were  then  traced  from  the 
perimeter  of  the  known  vadose  zone  source  areas,  and  an  estimate  of  the 
areal  extent  of  the  smear  zone  was  developed. 

The  approximate  extents  of  the  smear  zone  originating  from  the  major 
vadose  zone  sources  identified  at  the  Base  are  presented  on  Figures  4-28 
and  4-29  for  assumed  hydraulic  conductivities  of  10  feet/day  and 
30  feet/day,  respectively.  Flow  directions  were  calculated  from 
Sacramoito  County  water  level  contour  maps  presented  in  Figure  4-19. 
Figures  4-28  and  4-29  show  in  plan  view  the  extent  of  the  smear  zone 
based  on  plume  migration  and  the  decline  of  the  water  table.  Because 
the  elevation  of  the  water  table  beneath  the  Base  is  also  known  for  these 
time  periods,  the  thickness  of  the  smear  zone  in  different  locations  could 
also  be  estimated,  and  cross  sections  developed.  Figures  4-30  through 
4-33  present  these  cross-sectional  representations  of  the  smear  zone 
developed  by  the  declining  water  table  at  the  Base.  Equilibrium 
calculations  based  on  TCE  indicate  that  as  tiie  water  table  drops, 
iqjproximately  50  percent  of  the  total  mass  that  existed  in  the  saturated 
aquifer  remains  sorbed  to  the  aquifer  matrix  and  dissolved  in  residual 
porewater  in  the  vadose  zone  once  it  becomes  dewatered.  This  suggests 
that  groundwater  containing  VCX^  contamination  can  contribute  a 
significant  mass  of  contaminants  to  the  newly  created  vadose  zone  as 
water  levels  decline. 

4.5.4  Current  Groundwater  Conditions 

There  are  strong  seasonal  variations  in  regional  pumping  in  the 
Sacramento  area.  Hydrographs  of  wells  on  the  east  and  west  side  of  the 
Base  (Figure  4-34)  show  how  increased  punqiing  in  response  to  high 
water  demand  at  the  end  of  the  summer  produces  lower  water  levels, 
while  lower  demand  in  the  spring  results  in  higher  water  levels.  The  fol¬ 
lowing  sections  describe  the  horizontal  and  vertical  groundwater  flow 
conditions  that  exist  at  the  Base  in  response  to  these  regional  pumping 
stresses. 
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Horizontal  Flow 

Base  wells,  domestic  production  wells,  extraction  wells,  and  regional 
pumping  influences  all  affect  the  local  groundwater  flow  directions  at  the 
Base.  Figures  4-35,  4-36,  4-37,  and  4-38  are  water  level  contour  maps 
for  each  monitoring  zone  based  on  water  level  measurements  collected  in 
January  1993.  Groundwater  flow  in  Monitoring  Zones  A,  B,  C,  D,  and 
E  is  generally  from  the  northeast  to  the  southwest. 

In  the  southern  part  of  the  Base,  BW-18  has  a  large  radius  of  influence 
and  hence  groundwater  locally  moves  toward  BW-18  from  all  directions. 
BW-18  is  perforated  in  the  B  through  E  zones  to  a  depth  of  400  feet,  and 
pumps  at  an  average  rate  of  approximately  975  gpm.  This  pumping  rate 
is  an  aimual  average  based  on  the  1992  quarterly  monitoring  reports 
produced  by  Metcalf  &  Eddy. 

The  OU  D  extraction  wells  also  have  a  significant  local  influence  on 
groundwater  flow  paths.  The  six  OU  D  extraction  wells  appear  to  have 
captured  the  groundwater  in  Monitoring  Zone  A  beneath  the  source 
areas.  Effects  of  the  OU  C  extraction  system  in  Monitoring  Zone  B  are 
observable.  The  effects  of  the  OU  B  extraction  system  are  less  apparent 
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because  of  the  superimposed  influence  of  the  adjacent  BW-18,  and  the 
extremely  low  flow  rate  of  these  extraction  wells. 

Vertical  Flow 

The  vertical  hydraulic  gradients  that  exist  at  the  Base  are  predominantly 
downward,  except  in  areas  where  shallow  extraction  is  occurring.  This 
downward  gradient  is  the  result  of  hydraulic  head  differences  between 
recharge  areas  and  discharge  areas.  Surface  infiltration  is  the  major 
source  of  recharge.  Regional  pumping  is  the  major  component  of 
discharge.  Consequently,  water  moves  from  the  recharge  area  (ground 
surface)  of  higher  hydraulic  head  to  the  discharge  area  (regional  aquifer) 
of  lower  hydraulic  head. 

This  pervasive  downward  gradient  has  implications  on  the  movement  of 
contamination  at  the  Base.  Contaminated  groundwater  will  move  hori¬ 
zontally  in  response  to  the  horizontal  gradients,  but  will  also  move  verti¬ 
cally  in  response  to  the  downward  gradient.  Because  the  horizontal 
hydraulic  conductivity  of  the  layered  sediments  is  about  S  to  IS  times  the 
vertical  hydraulic  conductivity,  contaminants  will  move  further  in  the 
horizontal  plane.  However,  unless  groundwater  extraction  is  initiated  in 
the  shallow  aquifers  at  the  site,  contamination  will  continue  to  move 
downward  into  deeper  units  and  evcuataiiy  threaten  regional  municipal 
supply  wells. 

4.5.5  Water  Balance 

The  purpose  of  this  section  is  to  develop  a  rough  estimate  of  the  quantity 
of  water  that  moves  through  the  contaminated  sediments  at  McClellan 
AFB,  and  to  estimate  the  quantity  of  water  that  may  move  vertically 
between  the  shallow  contaminated  aquifers  at  the  site  and  the  lower 
regional  aquifer.  The  term  ’shallow  aquifer”  used  in  this  analysis 
represents  the  collective  contaminated  aquifers  at  the  site  (A-,  B-,  and  C- 
zones).  Because  the  aquifer  properties  at  the  Base  are  extremely 
variable,  this  section  uses  average  parameter  values  to  calculate  the 
approximate  magnitude  of  the  major  water  budget  components  at  the  site. 

The  significant  water  budget  components  at  McClellan  AFB  include: 

•  Infiltration  of  precipitation 

•  Groundwater  extraction 

•  Lateral  groundwater  inflow  and  outflow 

•  Deep  percolation  from  the  shallow  aquifers  to  the  regional 
aquifer 

•  Changes  in  aquifer  storage  due  to  declining  groundwater  levels 

Each  of  these  water  budget  components,  along  with  the  method  used  to 
calculate  their  tnagnitudes,  are  discussed  in  more  detail  below. 


RDD\100I36B3.WP5(GW  RI/FS) 


4-60 


6/23/94 


Infiltration  of  Precipitation 


The  infiltration  of  precipitation  at  the  Base  varies  spatially  due  to  land 
use  and  topography.  Areas  with  little  pavement  and  topographic  low 
areas,  where  precipitation  runoff  may  pond,  receive  the  greatest  rate  of 
recharge.  Heavily  urbanized  areas,  with  buildings,  storm  drains,  and 
extensive  asphalt  and  concrete  likely  receive  little  natural  recharge. 
McClellan  AFB  contains  areas  representing  both  of  these  land  use  types, 
with  urbanization  slightly  more  dense  in  the  southern  portions  of  the 
Base.  For  the  purposes  of  the  water  balance  presented  here,  an  average 
precipitation  recharge  rate  of  2  inches  per  year  was  assumed,  which 
converts  to  a  recharge  volume  of  approximately  470  acre-feet  per  year 
over  the  2,850-acre  site  (Figure  4-39).  Two  inches  of  recharge  per  year 
represents  approximately  IS  percent  of  the  annual  rainfall  at  the  site. 

This  parameter  is  quite  uncertain,  and  arguments  could  be  made  for 
selecting  a  higher  or  lower  recharge  rate  at  the  site. 

Groundwater  Extraction 

The  groundwater  extraction  rates  used  in  this  water  balance  were  derived 
from  the  1992  Metcalf  &  Eddy  Quarterly  Monitoring  Remits.  The 
average  extraction  rates  assigned  to  each  existing  extraction  well  are 
presented  in  Table  4-S. 


Table  4-5 

Summary  of  Existing  Groundwater  Extraction 

McClellan  AFB 

Well 

Name 

OU 

Location 

Monitoring 

Zone 

Avg  Pumping  Rate 
(1992)- gpm 

EW-73 

OUD 

A/B 

20.5 

EW-83 

OUD 

A/B 

6.1 

EW-84 

OU  D 

A/B 

6.5 

EW-85 

OU  D 

A/B 

11.7 

EW-86 

OU  D 

A/B 

12.2 

EW-87 

OUD 

A/B 

12.3 

EW-137 

OU  C 

B 

7.7 

EW-140 

OU  B 

B 

25.4 

EW-141 

OU  B 

C 

17.2 

EW-144 

OU  C 

B 

19.2 

EW-233 

OUB 

A 

5.2 

EW-234 

OU  B 

A 

1.6 

EW-246 

OU  B 

A 

N/A 

EW-63 

OU  B 

B 

N/A 

EW-247 

OU  B 

C 

N/.'\ 

Notes:  N/A  -  Information  not  available 
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The  only  other  groundwater  production  from  the  shallow  aquifers  at  the 
Base  is  from  Base  Well  18.  It  is  assumed  that  approximately  20  percent 
of  its  975-gpm  average  pumping  rate  is  drawn  from  the  B-,  and  C-zone 
aquifers  at  the  site.  This  is  based  on  the  fact  that  approximately  half  of 
its  screen  interval  is  in  the  B-  and  C-zones  and  half  is  in  the  D-  and  E- 
zones.  A  value  of  20  percent  was  used  to  account  for  the  fact  that  the 
D-  and  E-zone  aquifers  presumably  have  higher  transmissivities  than  the 
B-  and  C-zone  aquifers.  The  total  groundwater  extraction  from  the 
shallow  aquifers  was  then  calculated  to  be  approximately  340  gpm,  or 
550  acre-feet  per  year. 

Change  in  Aquifer  Storage 

The  change  in  aquifer  storage  represents  the  volume  of  water  that  is  lost 
from  storage  in  the  A-zone  due  to  the  declining  water  levels  observed  at 
the  site.  Change  in  storage  is  calculated  by  multiplying  the  product  of 
the  annual  water  level  decline  and  the  Base  area  (2,850  acres),  with  the 
specific  yield  of  ihe  sediments  at  the  site.  A  specific  yield  of  0. 15  and 
an  average  water  level  decline  of  1  ft/year  was  assumed  for  this  analysis. 
This  calculation  results  in  a  loss  of  storage  in  the  A-zone  of  approxi¬ 
mately  430  acre-feet  per  year. 

Laterai  Groundwater  Fiow 

The  lateral  groundwater  inflow  was  calculated  based  on  the  application  of 
Darcy’s  law  to  the  A-,  B-,  and  C-zone  aquifers  at  the  site.  The  form  of 
Darcy's  law  used  in  these  calculations  is  as  follows: 

Q  =  TI  L 

where: 

T  =  the  average  aquifer  transmissivity  in  feet  squared  per  day 
I  =  the  horizontal  hydraulic  gradient 

L  =  the  width  of  the  flowneld  normal  to  the  groundwater  flow 
direction  through  wiucb  the  inflow  occurs 

Table  4-6  presents  the  parameters  used  in  these  calculations.  The  aver¬ 
age  transmissivity  values  were  estimated  from  aquifer  tests  performed  at 
the  site,  although  few  tests  were  conducted  in  the  northeast  section  of  the 
Base,  where  much  of  the  inflow  occurs. 

•  The  average  A-zone  transmissivity  of  600  ftVday  was  based  on 
estimated  transmissivities  of  1,390  ftVday  at  Well  MW-12,  791 
ftVday  at  Well  MW-206,  and  38  tf/day  at  Well  MW-222. 

•  The  average  B-zone  transmissivity  of  600  ftVday  was  based  on 
estimated  transmissivities  of  6,617  ftVday  at  Well  MW-1027, 
275  ftVday  at  Well  MW- 195,  233  ftVday  in  Well  MW-225,  and 
a  value  of  378  ftVday  at  Well  MW-21 1 . 
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•  The  average  C-zone  transmissivity  of  700  ftVday  was  based  on 
estimated  transmissivities  of  432  ftVday  at  Well  MW-196,  572 
ftVday  at  Well  MW-208,  and  the  tendency  for  wells  in  the  vicin¬ 
ity  of  OU  D  to  exhibit  higher  transmissivities  than  those  in  the 
northeast  portion  of  the  Base. 

The  horizontal  hydraulic  gradients  were  obtained  from  the  January  1993 
water  level  contour  maps  presented  as  Figures  4-35  through  4-38. 


Table  4-6 

Parameters  Used  in  Lateral  Inflow  Calculations 

Monitoring 

Zone 

Horizontal 

Gradient 

(ft/ft) 

Flow  Field 
Width  (ft) 

Average  Trans¬ 
missivity 
(fF/day) 

Average  Flow 
(ac-ft/year) 

A 

0.001 

12,000 

600 

60 

B 

0.0008 

12,000 

600 

48 

C 

0.0013 

12,000 

700 

92 

Total  Lateral  Inflow 

200 

There  is  also  a  small  component  of  lateral  groundwater  outflow  from  the 
Base  in  the  shallow  zones  as  evidenced  by  the  movement  of  contaminants 
offbase.  However,  the  groundwater  contour  maps  referenced  above 
indicate  that  thi>  ouiilow  occurs  mainly  in  deeper  units,  and  the  areas 
where  outflow  occurs  tiom  «hc  A-  B-,  and  C-zones  is  extremely  limited. 
Darcy’s  law  calculations  coulc!  not  be  performed  to  estimate  the  quantity 
of  this  outflow  since  no  obvious  offbase  groundwater  flow  paths  are 
evident  on  Figures  4-35  through  4-38.  It  is  likely  that  this  is  an  artifact 
of  the  contouring  and  in  reality  areas  exist  where  hydraulic  gradients 
direct  flow  offbase.  For  the  purposes  of  the  water  budget  presented 
here,  it  will  be  assumed  that  less  than  50  ac-ft/yr  of  groundwater  moves 
offbase  laterally  in  the  shallow  aquifers. 

Deep  Percolation 

There  is  almost  no  information  available  with  which  to  calculate  the  flow 
rate  of  groundwater  moving  downward  from  the  C-zone  to  the  deeper 
aquifers,  due  to  a  lack  of  D-zone  water  level  information.  As  a  result, 
the  rate  of  downward  flow  was  calculated  based  on  the  other  water  bal¬ 
ance  components  described  above.  Table  4-7  summarizes  this  calcula¬ 
tion.  Results  suggest  that  approximately  500  acre-feet  of  water  per  year 
move  downward  from  the  C-zone  into  the  deeper  aquifers.  This  value 
cannot  be  independently  verified,  but  appears  reasonable  based  on  the 
magnitude  of  the  other  water  budget  components  at  the  site. 

Each  of  these  water  budget  components  has  varying  degrees  of  uncer¬ 
tainty.  The  groundwater  extraction  rates  have  the  least  uncertainty  fol¬ 
lowed  by  the  change  in  storage  in  the  A-zone  aquifer  due  to  water  level 
declines.  The  lateral  groundwater  inflow  and  outflow  values  and  the 
infiltration  recharge  rate  are  the  next  most  uncertain,  with  the  rate  of 
deep  percolation  from  the  shallow  zones  to  the  regional  aquifer  being  the 


RDD\100136B4.WP5(OW  RI/FS) 


4-64 


6/23/94 


Table  4-7 

Estimates  of  Water  Balance  Components 

Component 

Average  Flow 

Infiltration  of  Precipitation 

470  ac-ft/year 

Groundwater  Extraction 

S50  ac-ft/year 

Lateral  Groundwater  Inflow 

200  ac-ft/year 

Lateral  Groundwater  Outflow 

up  to  SO  ac-ft/year 

Change  in  Aquifer  Storage 

430  ac-ft/year 

Deep  Percolation  (Required  to  Balance) 

500  ac-ft/year 

most  uncertmn.  The  result  of  this  uncertainty  is  that  errors  associated 
with  estimates  of  precipitation  recharge  and  lateral  groundwater  inflow 
will  directly  influence  the  prediction  of  deep  percolation  presented  here. 
If  recharge  or  groundwater  inflow  are  less  than  estimated,  the  deep  per¬ 
colation  will  be  reduced  by  a  similar  amount.  Along  the  same  lines,  if 
the  change  in  storage  in  the  A-zone  is  larger  than  estimated,  the  deep 
percolation  will  be  greater  to  compensate. 

4.5.6  Pumpage  of  Base  and  Municipal  Wells 

The  historical  and  current  pumpage  of  Base,  municipal,  and  domestic 
wells  have  affected  the  groundwater  flow  directions.  Except  for  the 
hydraulic  control  of  the  OU  D  extraction  wells,  groundwater  generally 
flows  to  the  southern  portion  of  the  Base  in  all  zones.  This  is  due  pri¬ 
marily  to  the  large  pumping  influences  of  BW-18  and  the  city  wells  and 
Caltrans  wells  located  to  the  south  of  the  Base. 

Information  pertaining  to  production  wells  and  pumpage  capacity  was 
requested  of  all  the  water  purveyors  within  a  S-mile  radius  of  McClellan 
AFB.  This  information  is  summarized  in  App«idix  N,  Domestic  and 
Base  Well  Pumping  Information. 

The  locations  of  all  the  known  production  wells  adjacent  to  the  Base  are 
presented  in  Figure  4-40.  Almost  all  basewell  locations  were  obtained 
form  the  Revised  Final  Well  Closure  Methods  and  Procedures  report 
(CH2M  HILL,  1993).  This  report  is  presented  in  Appendix  O.  The 
available  1992  pumping  rates  for  wells  within  a  S-mile  radius  of  the  Base 
are  presented  in  Figure  4-41.  Pumping  rates  for  years  1973,  1980,  and 
1986  are  presented  in  Appendix  N. 

Generally,  higher  pumping  occurred  in  the  southwest  and  northeast 
regions  of  the  Base.  The  aquifer  beneath  McClellan  AFB  receives 
recharge  from  the  American  River  to  the  south,  from  the  Sacramento 
River  to  the  west,  from  various  small  creeks  to  the  north,  and  from 
mountain-front  recharge  from  precipitation  to  the  east.  Thus,  the  moun¬ 
tain-front  precipitation  supplies  water  for  the  Northridge  pumpage,  and 
the  American  River  supplies  water  for  the  city  well  and  Citizens  Utilities 
pumpage  to  the  southwest  of  the  Base.  The  pumpage  of  the  Northridge 
production  wells  has  contributed  to  the  offbase  southeastward  migration 
of  contaminants. 
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Basewide  groundwater  flow  is  generally  southward.  Coupled  with  the 
high  pumping  rates  of  BW-18,  the  spacial  distribution  of  recharge  will 
tend  to  create  a  cone  of  depression  near  the  CMter  of  the  aquifer  sur¬ 
rounded  by  recharge,  even  if  pumping  is  fairly  distributed  across  the 
region. 

Pumping  information  was  not  made  available  for  all  production  wells 
within  a  S-mile  radius  of  the  Base.  Consequently,  production  wells  that 
are  not  marked  with  a  pumpage  magnitude  may  actually  have  been 
pumped  and  may  have  contributed  to  the  flow  directions,  but  punqiage 
information  on  these  wells  is  not  available.  Conversely,  wells  mariced  as 
having  zero  pumpage  were  not  pumped.  Figure  4-41  presents  available 
pumpage  information,  not  all  pumpage  information. 

4.5.7  Base  Wells  Scheduled  to  be 
Decommissioned 

A  total  of  3S  wells  have  been  identified  during  data  collection  activities 
associated  with  the  well  decommissioning  program  at  McClellan  AFB 
(Figure  4-40).  Thirty-one  of  these  wells  are  water  supply  wells  located 
in  and  around  McClellan  AFB.  These  wells  are  designated  in  McClellan 
AFB  files  as  the  Boy  Scout  Well,  Old  29,  and  BW-1  through  BW-29. 
Four  additional  wells  are  located  at  Camp  Kohler,  which  is  located 
1  mile  east  of  the  Base  on  Roseville  Road.  Two  are  former  laundry 
wells,  LW-1  and  LW-2;  and  two  wells  were  constructed  as  part  of  a 
seismic  survey.  All  of  these  wells  and  their  status  are  listed  in  Table 
4-8. 


Four  McClellan  AFB  wells  and  one  City  of  Sacramento  well  were 
decommissioned  during  the  Phase  1  well  decommissioning  effort.  These 
wells  were  BW-l,  BW-2,  BW-12,  BW-27,  and  City  Well  150.  During 
Phase  n,  five  McClellan  AFB  wells  were  decommissioned  (BW-8, 
BW-13,  BW-17,  BW-20,  and  BW-28).  The  four  wells  at  Camp  Kohler, 
LW-1,  LW-2,  the  seismic  well  and  the  Triax  hole,  were  also  decommis¬ 
sioned  during  Phase  II.  The  latter  two  wells  are  seismic  survey  wells 
and  not  water  wells. 

Fifteen  wells  are  scheduled  to  be  abandoned  during  Phase  m  of  the  well 
abandonment  program.  They  are  BW-3,  BW-4,  BW-5,  BW-6,  BW-7, 
BW-9,  BW-11,  BW-15,  BW-16,  BW-19,  BW-21,  BW-22,  BW-23, 
BW-24,  and  the  Boy  Scout  well.  Phase  m  is  scheduled  to  begin  in  April 
1994.  Several  of  the  wells  could  act  as  conduits,  allowing  contaminated 
groundwater  near  the  water  table  to  migrate  to  deeper  zones  through  the 
wells  casing  and  gravel  pack  and  potentially  threaten  downgradient 
drinking  water  supplies.  Several  of  the  wells  are  discussed  in  the  follow¬ 
ing  paragraphs. 

BW-16,  BW-3,  and  BW-19  were  scheduled  for  decommissioning  during 
Phase  1  of  well  decommissioning,  but  could  not  be  located  in  the  field  in 
1990.  A  recent  field  inspection  located  BW-16  in  the  western  part  of  the 
Base,  approximately  ISO  feet  south  of  Site  22,  a  former  bum  pit.  No 
well  constmction  data  are  available  for  this  well  (CH2M  HILL,  1993). 
The  well  was  probably  used  as  an  agricultural  well. 
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Table  4-8 

Status  of  Existing  McClellan  AFB  Production  Wells 

Page  1  of  3 

Well 

No. 

Install 

Date 

Depth 

(ft) 

Location 

Comments 

B-1 

1937 

400 

Building  231 

Decommissioned  in  1991. 

B-2 

1937 

405 

Building  232 

Decommissioned  in  1991. 

B-3 

604 

Southwest  in  field  near  Bell 
Avenue  and  Kilzer  Avenue 

Tentatively  located  with  BW-19. 
Casing  filled  with  concrete.  To 
be  abandoned  in  Phase  III. 

B-4 

382 

Near  Watt  Avenue  and  Roseville 
Road,  off  the  Base 

Inactive.  Not  visible.  Located 
on  old  maps.  To  be  abandoned 
in  Phase  III. 

B-5 

1941 

368 

Off  the  Base  on  Old  Garden 
Highway 

Known  as  the  "Old  River  Dock 
Well."  To  be  abandoned  in 

Phase  III. 

B-6 

Near  Patrol  Road  and  Buildings 
714  and  715 

Inactive.  Has  not  been  located. 
Thought  to  be  old  agricultural 
well.  To  be  abandoned  in  Phase 
III. 

B-7 

1941 

398 

Near  Building  429 

To  be  abandoned  in  Phase  III. 

B-8 

1942 

732 

Building  91 

Abandoned  August  1993. 

B-9 

660 

Near  Building  200 

Reported  to  have  collapsed. 

Not  visible.  Located  on  old 
maps  in  parking  lot  near  BW- 
20.  To  be  abandoned  in  Phase 

III. 

B-10 

400 

East  near  Building  93  on 

O’Malley  Avenue 

Active  well.  Average  flowrate: 
approximately  260,000  to 

670,000  gpd. 

B-11 

378 

Southeast  of  the  Base,  near  Watt 
Avenue  and  Winona  Street 

Inactive.  Not  visible.  Located 
on  old  maps.  To  be  abandoned 
in  Phase  III. 

B-12 

1943 

395 

Building  395 

Decommissioned  in  1991. 

B-13 

1945 

391 

Building  614 

Abandoned  December  1992. 

B-14 

Unknown 

Uncertain  status.  No  known 
location.  May  be  located  at 
Whitney  and  Eastern  Avenues. 

IMS 

_ 

1943 

305 

North  of  Building  440  on  Dudley 
Boulevard 

Inactive,  status  uncertain.  To  be 
abandoned  in  Phase  III. 
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Table  4-8 

Status  of  Existing  McClellan  AFB  Production  Wells 

Page  2  of  3 

Well 

No. 

Install 

Date 

Depth 

(ft) 

Location 

Comments 

B-16 

Site  22  on  Patrol  Road 

Inactive.  Not  visible.  Located 
on  old  maps.  To  be  abandoned 
in  Phase  III. 

B-17 

prior  to 
1947 

390 

Building  699 

Abandoned  January  1993. 

B-18 

408 

Southwest  near  Building  664  on 
Winters  Street 

Active  well.  Average  flowrate: 
approximately  8(X),000  to 

1,490,000  gpd. 

B-19 

1952 

360 

Southwest  in  field  near  Bell 
Avenue  and  Kilzer  Avenue 

Tentativel  located  with  BW-3. 
Casing  filled  with  concrete. 
Reported  to  have  collapsed.  To 
be  abandoned  in  Phase  III. 

B-20 

1953 

600 

In  parking  lot  south  of  Building 
200 

Abandoned  January  1993. 

B-21 

Near  Building  689 

Status  uncertain.  Has  not  been 
located.  Thought  to  be  an  old 
agricultural  well.  May  have 
served  the  old  Aero  (i)lub.  To 
be  abandoned  in  Phase  III. 

B-22 

Near  Building  1445 

Status  uncertain.  Has  not  been 
located.  Thought  to  lie  near  the 
northeast  comer  of  the  building. 
To  be  abandoned  in  Phase  III. 

B-23 

Near  Building  1455 

May  have  been  found  during 
parking  lot  construction. 

Thought  to  be  an  old  agricul¬ 
tural  well.  To  be  abandoned  in 
Phase  III. 

B-24 

Near  Building  1455 

May  have  been  found  during 
parking  lot  construction. 

Thought  to  be  an  old  agricul¬ 
tural  well.  To  be  abandoned  in 
Phase  III. 

B-25 

408 

Off  the  Base  at  the  Lincoln 
Communications  Site 

Active  well. 

B-26 

358 

Off  the  Base  at  the  Davis  Com¬ 
munications  Site 

Active  well.  Water  may  be 
contaminated. 

B-27 

1962 

261 

Near  Building  1099 

Decommissioned  in  1991. 
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Table  4-8 

Status  of  Existing  McClellan  AFB  Production  Wells 

Page  3  of  3 

Well 

No. 

Install 

Date 

Depth 

(ft) 

Location 

Comments 

B-28 

1966 

248 

Near  Building  1082 

Abandoned  December  1992. 

B-29 

247 

North  area,  in  Building  1455  on 
Perrin  Avenue 

Active  well.  Average  flowrate: 
200,000  to  950,000  gpd. 

Old  29 

About  25  feet  northeast  of  BW- 
29 

Was  abandoned  in  1984  due  to 
sand;  new  BW-29  drilled  just 
south  of  former  site. 

Boy  Scout 
Well 

About  75  feet  south  of  BW-29, 
near  Building  1457 

Casing  is  visible,  but  well  status 
is  uncertain.  To  be  abandoned 
in  Phase  III. 

LW-1 

Camp  Kohler 

Uncovered  by  backhoe.  Has 
been  Oiled  with  concrete. 

Agencies  agreed  no  need  to 
abandon  this  well. 

LW.2 

Camp  Kohler 

Located  on  old  maps,  but  not 
uncovered.  Abandoned  January 
1994. 

Seismic 

Well 

Camp  Kohler 

Casing  exterior  sealed  with 
cement.  Not  a  water  well. 
Abandoned  January  1993. 

Triax  Hole 

Camp  Kohler 

Casing  exterior  sealed  with 
cement.  Not  a  water  well. 
Abandoned  August  1993. 
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BW-3  and  BW-19  are  believed  to  be  in  the  southwest  part  of  the  Base 
near  Building  662  and  667  about  200  yards  west  of  the  Bell/Kilzer  inter¬ 
section.  One  of  these  wells  (presumed  to  be  BW-3)  has  a  6-inch-dia- 
meter  casing  that  extends  to  a  depth  of  604  feet.  The  other  well  (pre¬ 
sumed  to  be  BW-19)  contains  a  14-inch-diameter  casing.  BW-i9  was 
reportedly  constructed  in  19S2  to  a  depth  of  360  feet  with  a  screen  inter¬ 
val  between  214  and  314  feet.  Both  wells  were  probably  used  as  agricul¬ 
tural  wells  and  reportedly  abandoned  by  McClellan  AFB  Water 
Department  personnel  (LSCE,  1984).  lypical  past  abandonment  pro¬ 
cedures  were  to  fill  the  well  with  sand  up  to  SO  feet  belowgrade  and  then 
pour  cement  from  SO  feet  belowgrade  to  the  ground  surfece.  This  proce¬ 
dure  does  not  seal  the  well,  which  might  then  be  a  conduit  for  contami¬ 
nant  migration. 

Another  well,  BW-IS,  was  initially  believed  to  be  located  several  miles 
away  from  McClellan  AFB  (LSCE,  198S).  Further  investigation  located 
this  well  immediately  north  of  Building  440,  on  Dudley  Boulevard  across 
the  street  from  BW-7  in  the  southeast  portion  of  the  Base.  A  weU  log 
was  found  at  the  Dqiartment  of  Water  Resources  (DWR)  that  identified  a 
well  located  by  the  Rubber  Conservation  Building.  Old  maps  identify 
Building  440  as  the  Rubber  Conservation  Building  and  the  building  to  the 
west  as  the  Dry  Cleaning  Facility  (presently  Building  443).  Therefore, 
the  log  probably  refers  to  BW-IS.  According  to  the  log,  BW-15  was 
constructed  in  1943  to  a  total  depth  of  305  feet.  The  casing  was  12 
inches  in  diameter  and  perforated  from  a  depth  of  245  to  270  feet.  The 
present  surface  features  of  BW  15  are  a  concrete  pad  with  a  circular  hole 
covered  with  asphalt  and  concrete  footings  feat  were  probably  used  to 
support  a  motor  pump  (CH2M  HILL,  1993). 


4.6  Existing  and  Observed  Conditions 

The  four  components,  site  characteristics,  source  areas,  fate  and  contami¬ 
nant  transport,  and  physical  transport  mechanisms,  frame  the  conceptual 
model  and  provide  the  information  base  necessary  to  interpret  and  dis¬ 
cuss  the  existing  and  observed  conditions.  This  section  will  discuss  the 
current  groundwater  conditions  by  presenting  the  prevalent  VOC  contam¬ 
inants  and  by  summarizing  the  monitoring  history.  These  discussions 
will  be  followed  by  a  summary  of  the  water  quality  information  from 
Base  and  production  wells  along  with  a  presentation  of  the  extent  of 
contamination  of  the  prevalent  VOCs.  No  metals  were  selected  as  preva¬ 
lent  contaminants.  This  section  will  conclude  with  a  discussion 
concerning  the  limitations  of  the  metals  database  and  the  rationale  as  to 
why  a  data  set  of  representative  concentrations  was  not  assembled  and 
why  prevalent  contamiiumts  were  not  selected. 

4.6.1  Data  Set  Used  in  VOC  Mass  Estimates  and 
Generation  of  VOC  Target  Volumes 

Water  quality  data  from  279  wells  and  borings  were  used  to  approximate 
the  extent  of  contamination,  to  estimate  VOC  mass,  and  to  generate 
target  volumes.  The  data  set  used  is  presented  in  Table  4-9.  Data  were 
obtained  from  the  following  wells; 
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Table  4-9 

PTpmtBtfftiTf  '"■imif  tni11*“  ”**  "*-**  *-  Fiirt-mt  nf  riaitMnlnaHmi 

Ocbiicalioa,  Tarfct  Voiuc  Gcncialisa,  and  Maa  Eitbaata 

Locadoa 

Nwm 

Date 

Rbk 

1>0CA 

e-13-DCX 

PCE 

TCZ 

U-DCE 

1,1.1-TCA 

EW.137 

16-JU1-93 

4.36&0S 

^806-01 

9.IIE4OO 

O.OO64OO 

6.466*01 

0.006*00 

0.006*00 

EW-140 

16-JU1-93 

5.22&0S 

3.2864)1 

2.366401 

0.006400 

7.306*01 

0.006*00 

0.006*00 

EW-141 

16-Jul-93 

4.06E41S 

0.006400 

8.136400 

O.OO64OO 

6.346*01 

0.006*00 

0.006*00 

EW-14I 

16-M-93 

4.06E«5 

O.OQE4OO 

8.386400 

O.OO64OO 

6.686*01 

0.006400 

0.006*00 

EW-233 

16-JUI-93 

S.33&03 

O.OOB4OO 

0.006*00 

8.346*02 

4.316*03 

0.006*00 

0.006*00 

EW-234 

16-Jul-93 

7.12B-04 

0.006400 

0.006400 

7.666401 

7.616*02 

6.896*01 

0.006*00 

MW-0Q07 

2I-J11I-93 

1.93E-05 

43664)1 

1.326401 

0.006*00 

2.106*01 

0.006*00 

0.006*00 

MW-OOlO 

6-A|)r-93 

8.64B-04 

I.2O64O2 

O.OO64OO 

0.006*00 

3.906*02 

1.706+02 

MW-0011 

28-Jut-93 

1.0QBO3 

0.006400 

0.006*00 

0.006*00 

1.406*03 

1.366*04 

1.296*03 

MW-00t2 

20-JU1-93 

7J6B-04 

O.OO64OO 

0.006*00 

O.OOE4OO 

9.7^402 

6.616*03 

0.006*00 

MW-0014 

6-A|r-93 

1.49B4)3 

O.OO64OO 

O.OCE4OO 

0.006*00 

2306*03 

2106*03 

1.206*03 

MW-0014 

6-A1V-93 

1.49B4>3 

0.006400 

O.OO64OO 

0.006*00 

2306*03 

1.306*03 

MW-0015 

28-JU1-93 

5.45&05 

O.OO64OO 

0.006*00 

0.006*00 

8.216*01 

1.316*02 

6.716*00 

MW-0017D 

lMul-91 

O.OOE+00 

0.006400 

O.OO64OO 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

MW-0018D 

6-Feb-92 

O-OOBfOO 

0.006400 

O.OO64OO 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

MW-0019D 

27-Jtii-93 

9.05E4J7 

O.OO64OO 

O.OO64OO 

0.006*00 

2906*00 

1.606*00 

2.706*00 

MW-0020D 

19-A{K-93 

O.OOEeOO 

0.006*00 

O.OO64OO 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

MW-OQ21D 

22-;iit-91 

2-28E-07 

0.006400 

0.0(6400 

0.006400 

0.006*00 

0.006*00 

0.006*00 

MW-0021S 

Avenge 

O-OOBfOO 

0.006*00 

0.006400 

0.006*00 

7.2(^1 

0.006*00 

0.006*00 

MW-0022D 

29-JUI-91 

O-OOB+OO 

0.006400 

0.006400 

O.OOE4OO 

0.006*00 

0.006*00 

0.006*00 

MW-Oa23D 

21-JU1-93 

O.OaB+00 

0.006400 

O.OOE4OO 

0.0(6400 

0.006*00 

0.006*00 

0.006*00 

MW-OQ24D 

21-JU1-93 

isce^n 

1.6764)1 

O.OOE4OO 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

MW-OOZSD 

21-JU1-93 

1.4(«.06 

0.006*00 

3.776-01 

O.OOE4OO 

6.63601 

0.006*00 

0.006*00 

MW-OOMD 

8-Jaii-93 

1.15E-05 

0.006400 

O.OO64OO 

0.006*00 

4.706*01 

0.006*00 

0.006*00 

MW-O027D 

8-;aa-93 

1.13&04 

1.606400 

6.OO64OO 

0.006*00 

3.306*01 

0.006*00 

0.006*00 

MW-00280 

16-Apr-93 

o.ooe+00 

O.OOE4OO 

0.006400 

0.0(£400 

0.006*00 

0.006*00 

0.006*00 

MW-0029D 

19-Oct-90 

O.OCB+00 

0.006*00 

0.006400 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

MW-0031S 

l3-Apr-88 

O-OQ&tOO 

O.OO64OO 

0.006400 

0.0(6400 

0.006*00 

0.006*00 

0.006*00 

MW-0033S 

26-Apr-90 

8.1(B4)3 

0.006400 

0.006400 

0.006*00 

2.606*04 

0.0(6400 

0.006*00 

MW-0036S 

250ct-88 

5.62E-07 

0.006400 

0.0(6400 

O.OOE4OO 

1.806*00 

0.006*00 

0.006*00 

MW-0038D 

24-100-93 

0.<X£+00 

1.306401 

O.OOE4OO 

4.606*01 

2.806*02 

0.006*00 

0.006*00 

MW-0041S 

27-Jul-93 

205&04 

0.006400 

2.386401 

0.006*00 

2996*02 

0.006*00 

0.006*00 

MW-0044S 

13-Aug-91 

5.57E4)6 

0.006*00 

0.006400 

430601 

1.606*01 

3.106*00 

0.006*00 

MW-0049S 

l-Ma)r-«9 

O-OOBfOO 

0.006400 

0.0(6400 

0.006*00 

0.006*00 

0.0(£400 

0.006*00 

MW-0051 

6-Ai)r-93 

O-OOE+OO 

O.OO64OO 

0.006400 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

MW-00S2 

23-101-93 

o-ooe+oo 

0.006400 

0.0(6400 

0.006*00 

0.006*00 

0.006*00 

0.0(6*00 

MW-0QS3 

22-Apr-93 

2.03&07 

0.006400 

0.006*00 

0.006*00 

3.2(S-01 

1.106*00 

0.006*00 

MW-0054 

7-Apr-93 

O-OQ&tOO 

0.006*00 

0.006*00 

0.006400 

0.006*00 

0.006*00 

0.006*00 

MW-0055 

12-110-93 

1.68E-06 

0.006400 

0.006400 

2.406-01 

4.406*00 

0.006*00 

0.006*00 

MW-OKl 

27-110-93 

O.OOB+00 

0.006400 

0.006400 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

MW-00S8 

22-laa-93 

0.006400 

0.006400 

0.006400 

0.0(£400 

0.006*00 

0.006*00 

0.006*00 

MW-0(J59 

2O-I0I-93 

4.4664)7 

0.006*00 

0.006400 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

MW-0060 

17-101-91 

O.OQE4OO 

O.OOE4OO 

0.006400 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

MW-0061 

26-110-93 

0.006400 

0.006400 

3.20601 

3.606*01 

0.006*00 

0.006*00 

MW-0062 

26-I0I-93 

1.66E-06 

0.006400 

2.876400 

0.006*00 

2626*00 

0.006*00 

MW-0063 

28-lao-93 

1.23B4>S 

0.006*00 

1.506401 

0.006*00 

4.006*01 

0.006*00 

0.006*00 

MW-0064 

27-I0I-93 

6.976-07 

O.OO64OO 

O.OOE4OO 

0.006400 

3.83601 

0.006*00 

1.666*00 

MW-(XM5 

11-00-91 

1J764)5 

O.OO64OO 

0.006400 

4.706*01 

0.006*00 

0.006*00 

MW-0066 

18-110-93 

3.1264)7 

0.006400 

0.006400 

0.006*00 

1.006*00 

0.006*00 

0.0(£*00 
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TBbk4-9 

RcprcMiitatiTC  Coacoitimika  Oala  Set  Used  la  EitcBt  of  CoaUnlBaliaa 
DcUacadoa,  Taifct  Vataaw  Gcacraltai,  aad  Ma«  Eattaoita 

(«/•) _ 


N 


MW-0067 


MW-0068 


MW-0069 


MW-0Q70 


MW-0071 


MW-0072 


MW-0074 


MW-007S 


MW-0076 


MW-OOU 


MW-0089 


MW-0090 


MW-0091 


MW-0092 


MW-OlOO 


MW-0101 


MW-0102 


MW-0103 


MW-0104 


MW-OIOS 


MW-0106 


MW^I07 


MW-Ot08 


MW-0109 


MW-0110 


MW-OlU 


MW-OIU 


MW-OU3 


MW-0114 


MW-OllS 


MW-0116 


MW<0120 


MW-0121 


MW-0122 


Mw-om 


MW-0129 


MW-0130 


MW.OI31 


MW-0132 


MW.0132 


MW-0133 


MW-0134 


MW.013S 


MW-0136 


MW-0138 


MW.0139 


MW-0142 


MW-0143 


MW-OI4S 


Date 


2-May-90 


22-A(ir-93 


tS-JtD-93 


l64aa-92 


21-JtB-93 


23-J11I-93 


28-Jaa-93 


27-0<t-92 


29-JaB-93 


22-I11I-93 


S-Apr-93 


24-iul-92 


20-JUI-93 


14-Jia-93 


13-00-92 


22-Jiit-93 


15-A|)r-93 


26-lul-93 


19-00-92 


19-00-92 


27-Oec-89 


2-JU-90 


16450-92 


16-00-92 


30-JU1-93 


2-Aug-93 


lS-Jaii-91 


26-Jul-91 


2aApr-89 


29450-90 


11450-89 


ll-Jul-89 


24-Jul-91 


lM>ec-89 


154)0-92 


15450-92 


15450-92 


Avenge 


6-Aut-93 


14-00-92 


64)0-93 


15-A|)r-93 


144)0-92 


144)0-92 


29-Jul-93 


13-iul-92 


19-Jul-93 


19-}ul-93 


0.006400 


0.006400 


3.3264)6 


O.OO64OO 


3J8E4)5 


3J8E4>4 


1.3664)6 


1.22604 


O.OOB4OO 


0.006400 


O.OO64OO 


0.006400 


2.1564)6 


0.006400 


0.006400 


0.006400 


0.006400 


9.30607 


0.006400 


0.006400 


0.006400 


0.006400 


0.0(6400 


.006400 


O.OOE4OO 


1.85606 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


2.28607 


3.43603 


1.19603 


8.43607 


0.006400 


2.556051 


0.006400 


1.33605 


1.25605 


0.006400 


1.03604 


0.006400 


0.006400 


2.75606 


1A4>CA 


0.0064001 


0.006400 


0.006400 


0.006400 


5.00601 


3.7»401 


^10601 


0.006400 


0.006400 


0.006400 


O.OO64OO 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


.006400 


0.0(£400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


1.206-01 


6.486-01 


6.48601 


0.006400 


0.006400 


Z7064)l 


2.8(£-Ol| 


0.006400 


0.006400 


0.006400 


0.006400 


3.866-01 


«-t4-DCB 


0.006400 


0.006400 


0.006400 


0.006400 


1.906400 


2.436400 


0.006400 


1.306401 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


.006400 


0.006400 


0.006400 


.006400 


0.006400 


1.246400 


0.006400 


0.006400 


0.006400 


0.006400 


0.0(6400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


5.80601 


0.0(6400 


1.216401 


1.216401 


0.0(6400 


4.20601 


1.906400 


1.506400 


0.0(6400 


3.256401 


0.006400 


0.006400 


3.62601 


PCK 

TOE 

U-DCE 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

1.206400 

0.006400 

0.006400 

0.006400 

0.006400 

aooe40o 

1.806401 

3.406400 

0.006400 

2.406402 

aoo6400 

2.906400 

3.306400 

0.006400 

3.906402 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

X1064O2 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

9.496401 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

1.226400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.0(6400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

2.916400 

0.006400 

0.0(6400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.0(6400 

0.006400 

0.006400 

0.006400 

0.0(6400 

0.006400 

0.0(6400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.0(6400 

0.0(6400 

0.006400 

0.006400 

0.006400 

1.106404 

0.0(6400 

0.006400 

3.806403 

O.OO64OO 

0.0(6400 

2.706400 

0.006400 

0.0(6400 

5.296401 

2.0(6400 

0.006400 

3.506401 

0.006400 

0.006400 

3.506401 

0.006400 

0.006400 

0.006400 

0.006400 

2.006400 

3.2(6400 

0.006400 

0.006400 

1.206401 

0.006400 

0.006400 

3.806401 

0.006400 

0.0(6400 

0.006400 

0.006400 

O.OOE4OO 

1.306402 

O.OO64OO 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

1.236400 

0.006400 

(.(.l-ICA 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


0.006400 


O.OO64OO 


0.006400 


O.OO64OO 


1.066401 


O.OO64OO 


O.OO64OO 


O.OO64OO 


.006400 


O.OO64OO 


O.OO64OO 


0.006400 


0.006400 


O.OO64OO 


O.OOB4( 


O.OOE4OO 


0.006400 


O.OO64OO 


O.OO64OO 


O.OOE4OO 


0.006400 


0.006400 


0.006400 


0.006400 


O.OO64OO 


O.OO64OO 


O.OO64OO 


0.006400 


4.176400 


O.OO64OO 


1.316400 


O.OO64OO 


0.006400 


0.006400 


O.OO64OO 


O.OO64OO 


0.00640(' 


O.OO64O 


O.OO64OO 


O.OO64OO 
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Table  4-9 

RcprcMotetlvc  CoacoitnitiaB  Data  Set  Uaetl  la  Eitcat  of  CoataadBattoa 
Deltaieatiaa,  Target  Vohuae  Gcaetatka,  aad  Mate  Eitbaatci 
_ (R^I) _ 


Localioa 

Nhm 

Date 

Sbb 

tO^ICA 

C-14.0CK 

res 

TCE 

IJ-DCE 

1,1,1-TCA 

MW-014« 

21-Iul-93 

O.OOE+00 

o.oaB+00 

0.008400 

0.008400 

0.008400 

O.OC84OO 

0.008400 

MW-Ot47 

3-May-91 

O.OOB+00 

0.008400 

0.008400 

O.OQ84OO 

O.OO84OO 

0.008400 

0.008400 

MW-0148 

2t-Jul-93 

8.06E-06 

3.69&OI 

2.638400 

0.008400 

9.738400 

0.008400 

MW-0149 

8-Apr-93 

O.OOB4OO 

0.008400 

0.008400 

3.9(8-01 

0.008400 

0.008400 

MW-OISO 

^Aug-93 

4A7E-06 

O.OCE+00 

0.008400 

U3&01 

0.008400 

0.008400 

0.008400 

MW-OISI 

9-A{T-93 

^3lE-05 

0.008400 

ao(8400 

7.908400 

0.008400 

0.008400 

MW-0152 

27-JUI-93 

O.OOE4OO 

0.008f00 

0.008400 

0.008400 

0.008400 

0.008400 

O.OQ84OO 

MW-0153 

29^Jul-93 

1.46E^ 

0.008400 

6.398400 

1.398401 

1.338402 

0.008400 

O.OQB4OO 

MW-01S4 

29^Jul-93 

X01&06 

0.008400 

0.008400 

0.008400 

3.178400 

0.008400 

0.008400 

MW-OISS 

28-Jiii-93 

2MEMS 

0.008400 

1.6SE40I 

0.008400 

2.978401 

0.008400 

O.OO84OO 

MW-01S6 

29-JU1-93 

7.38E-05 

O.OO84OO 

3.818401 

0.008400 

1.148402 

0.008400 

0.008400 

MW-OIS? 

29-Jul-93 

6.82E-04 

0.008400 

0.008400 

8.628401 

6.648402 

0.008400 

4.848400 

MW-0158 

3-Aug-93 

4J0E-04 

0.008400 

1.3ffi40t 

3.078401 

4.678402 

0.008400 

O.OO84OO 

MW-0159 

3-Aug-93 

^72E4>4 

0.008400 

3.878401 

3.238401 

2.638402 

0.008400 

O.OO84OO 

MW-0160 

21-Oct-92 

4.34E-05 

6.308400 

4.808401 

0.008400 

7.208401 

6.608400 

O.OOB4OO 

MW-0161 

26-Iul-93 

7.71E-07 

0.0(8400 

0.008400 

0.008400 

9.68801 

O.OO84OO 

O.OO84OO 

MW-0162 

27-Jul-93 

2.13E4)5 

0.008400 

0.0(8400 

3.188400 

1.838401 

0.008400 

O.OQ84OO 

MW-0163 

27-Im-93 

1.72E-06 

O.OOB4OO 

6.9(801 

0.008400 

3.308400 

0.008400 

O.OC84OO 

MW-0164 

19-Ai)r-93 

1.61E-05 

3.1(8-01 

1.008401 

0.008400 

1.708401 

8.208-01 

O.OO84OO 

MW-0164 

19-Apr-93 

lAlE-03 

3.10E-01 

1.0(8401 

0.008400 

1.708401 

1.308400 

O.OO84OO 

MW-0165 

6-Oct-93 

3.208400 

3.308401 

0.008400 

1.238402 

0.008400 

O.OO84OO 

MW-014tf 

Avenge 

O.OOE+00 

1.608-01 

0.008400 

0.008400 

1.2ffi402 

7.90EO1 

O.OO84OO 

MW-4)167 

19-A(ir-93 

1.96E05 

3.6084)1 

1.1(8401 

0.008400 

2.808401 

O.OOE4OO 

0.008400 

MW-0168 

25Oct-90 

8.74E-08 

0.008400 

0.008400 

0.008400 

2.80801 

0.008400 

0.008400 

MW4)169 

4-Aug-93 

2^SE-06 

0.008400 

0.008400 

0.008400 

4.178400 

0.008400 

0.008400 

MW-0170 

8-Apr-93 

O.OOE+00 

0.008400 

0.0(8400 

0.008400 

0.008400 

0.008400 

0.008400 

MW^)171 

12-Oct-92 

O.OOE4OO 

0.008400 

0.008400 

0.008400 

O.OOB4OO 

0.008400 

0.008400 

MW-0172 

9-Aug-91 

7.33E-03 

0.008400 

0.0(8400 

0.008400 

1.708404 

0.(X*400 

0.0(8400 

MW-0173 

29-IU1-93 

3.70E-04 

0.008400 

0.008400 

0.008400 

2.378402 

0.008400 

0.008400 

MW-0174 

13-Apr-93 

4.89E-07 

0.008400 

0.0(8400 

0.008400 

7.70801 

0.008400 

O.OO84OO 

MW-0175 

8-Apr-93 

O.OOE44)0 

0.008400 

0.008400 

0.008400 

0.0(®400 

0.(X®400 

O.OO84OO 

MW-0176 

8-Apr-93 

3.81E^7 

0.008400 

0.008400 

0.008400 

6.00801 

0.0(8400 

O.OOB4OO 

Mw-om 

19-Jaii-93 

2J4E-06 

0.008400 

0.008400 

0.008400 

0.008400 

0.008400 

O.OO84OO 

MW-0178 

13-Apr-93 

2^1E4>4 

0.008400 

0.008400 

0.008400 

8.908401 

0.0(8400 

0.0(8400 

MW-0179 

l3-Apr-93 

O.OOE+00 

0.008400 

0.008400 

0.008400 

O.OOB4OO 

0.008400 

O.OO84OO 

MW-0180 

7-Aug-91 

1.84E-06 

0.008400 

0.008400 

0.008400 

3.90800 

0.0(8400 

0.008400 

MW-0181 

28-Jaa-93 

1.97E-07 

0.008400 

0.008400 

0.008400 

6.30801 

0.008400 

O.OO84OO 

MW-0182 

U-Jul-91 

1.12E4)6 

0.008400 

O.OOB4OO 

0.008400 

3.408400 

0.0(8400 

O.OOB4OO 

MW-0182 

U-Jul-91 

1.12E-06 

0.008400 

O.OO84OO 

0.008400 

3.608400 

O.OOB4OO 

0.008400 

MW-0183 

26-Jaii-93 

O.OOE+00 

0.008400 

O.OO84OO 

0.008400 

0.008400 

0.008400 

O.OO84OO 

MW-0184 

24-}ul-9t 

O.OOE+00 

O.OO84OO 

0.008400 

0.008400 

0.008400 

0.008400 

0.008400 

MW-018S 

13-A{»-93 

2J2E4)6 

0.008400 

2.IOB4OO 

0.008400 

3.308400 

0.008400 

0.008400 

MW-0186 

S-Aug-9I 

2.22E-05 

0.008400 

O.OO84OO 

0.008400 

4.308401 

0.008400 

O.OO84OO 

MW4)I87 

23-Apr-93 

1.9SE-06 

O.OOB4OO 

O.OO84OO 

3.208-01 

1.608400 

0.008400 

0.008400 

MW-0188 

19-Jaii-93 

3.12E-07 

0.0(8400 

O.OOB4OO 

0.008400 

1.008400 

0.008400 

0.008400 

MW-0189 

21-A{ir-93 

4.42E-05 

0.008400 

0.008400 

8.608400 

3.008401 

0.008400 

0.008400 

MW-0190 

29-J1U-9I 

O.OOE4-OO 

0.008400 

0.0(8400 

0.0(8400 

0.008400 

0.0(8400 

0.008400 

MW-Oi91 

lZ-Aft-93 

8.57E.07 

O.OOB4OO 

0.008400 

1.308-01 

7J08-01 

0.008400 

0.008400 

MW-0192 

lS-A|)r-93 

O.OOE+00 

0.008400 

O.OOB4OO 

0.008400 

0.008400 

0.008400 

O.OO84OO 
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Tabk4-» 

Rq>r«Mntativc  Coocoitntka  Data  Set  Died  in  Extent  of  Contamination 

Deliaeatloii,  Target  Volnme  Generation,  and  Man  Eetimate* 

(M*d) 

Location 

ENrfe 

RUc 

1J4ICA 

c.l,2-DCE 

PCE 

TVX 

U-DCE  LLl-TCA 

MW-0193 

21-A|ir-93 

o.ooe+00 

0.006+00 

0.006+00 

0.006+00 

0.006+00 

O.OOE+00 

O.OOE+00 

MW-0194 

14-A|ir-93 

6.29B4)6 

0.006+00 

O.OOB+00 

3.9064)1 

8.106+00 

O.OOE+00 

0.006+00 

MW-0193 

22-A|ir-93 

3J24E-06 

O.OOE+00 

O.OOE+00 

1.406+00 

1.806+00 

O.OOE+00 

O.OOE+00 

MW-0196 

28-Jul-93 

O.OOE+00 

0.006+00 

O.OOE+00 

1.336+00 

4.076+00 

9.78601 

MW-0197 

4-Aug-93 

O-OOE+OO 

O.OQE+00 

0.006+00 

0.006+00 

0.006+00 

O.OOE+00 

O.OOE+00 

MW-Ot98 

13-Ap:-93 

tMBrOn 

O.OOE+00 

O.OQE+00 

0.006+00 

1.30E+00 

O.OQE+00 

0.006+00 

MW-0199 

13-A|ir-93 

O.OOEfOO 

O.OOE+00 

O.OOE+00 

O.OOB+00 

0.006+00 

O.OOE+00 

0.006+00 

MW-0200 

4Aug-93 

1.93E-03 

3.1864)1 

t.7ffit01 

0.006+00 

1.386+01 

0.006+00 

0.006+00 

MW-0201 

9-i^-93 

4.3t&07 

O.OOE+00 

O.OQE+00 

O.O0E+OO 

7.106-01 

O.O0E+OO 

0.006+00 

MW-02Q2 

^May-91 

O-OOEtOO 

O.OCE+00 

O.OOE+00 

0.006+00 

O.OOE+00 

O.OOE+00 

O.OOE+00 

MW-0203 

9-}ul-91 

3.93E-06 

0.006+00 

O.OOE+00 

0.006+00 

1.9QE+01 

0.006+00 

0.006+00 

MW-0204 

4-Aiig-93 

3.23E-07 

o.o(e+oo 

O.OOE+00 

0.006+00 

3.0864)1 

0.006+00 

O.OOE+00 

MW-020S 

4^-93 

O.OOB+00 

O.OOE+00 

0.006+00 

0.006+00 

0.006+00 

O.OOE+00 

0.006+00 

MW-O206 

3-Aiig-93 

2-32E-06 

O.O0E+OO 

1.436+00 

0.006+00 

2.016+00 

0.006+00 

0.006+00 

MW-0207 

23-Jul-91 

0.0(£400 

O.OOE+00 

O.OOE+00 

0.006+00 

0.006+00 

O.OOE+00 

0.006+00 

MW-0208 

^Aug-93 

1.94E4)6 

O.O0E+OO 

0.006+00 

0.0(£+00 

1.636+00 

0.006+00 

0.006+00 

MW-0209 

9-Aiig-91 

9.3«B-04 

0.006+00 

0.006+00 

0.O0E*O0 

3.006+03 

0.006+00 

0.006+00 

MW-0210 

6-Ai«-93 

4J(£-03 

6.7764)1 

0.006+00 

6.4264)1 

6.8SE+00 

0.006+00 

0.0(£+00 

MW-0211 

ll-Oet-93 

0.006+00 

0.006+00 

0.006+00 

6.3064)1 

O.OOE+00 

0.006+00 

MW-0212 

7-Apr-93 

O.OOB+00 

0.006+00 

0.0(£+00 

0.006+00 

O.OOE+00 

0.006+00 

0.006+00 

MW4)213 

22-;ul-93 

O-OOEcOO 

0.0(£+00 

O.OOB+00 

0.0(£+00 

0.006+00 

0.006+00 

0.006+00 

MW-02t4 

12-A|)r-93 

9.12E-06 

0.0(£+00 

1.1<£+01 

3.1064)1 

7.606+00 

0.006+00 

O.OOE+00 

MW-0215 

13-Oct-92 

0.O0B*OO 

0.006+00 

0.006+00 

0.006+00 

0.006+00 

0.006+00 

0.006+0 

MW-0216 

13-Oet-92 

4.68E4)6 

0.006+00 

3.40E+00 

O.OlX+00 

1.806+01 

O.OOE+00 

0.006+00 

MW-0217 

23-;ua-93 

6J8EOS 

i0764)l 

2.916+01 

1.986+00 

7.5«+01 

O.OOE+00 

O.OOE+00 

MW.0218 

23-IUI-93 

7.49&07 

O.OQE+00 

6.6864)1 

0.006+00 

1.506+00 

O.OOE+00 

O.OOE+00 

MW.02i9 

23-JU1-93 

1.14E-03 

0.0(6+00 

6.416+00 

0.0(£+00 

1.806+01 

0.006+00 

1.026+00 

MW-0220 

4-Aag-93 

O.OCE+00 

0.006+00 

0.006+00 

0.00E*O0 

0.006+00 

O.OOE+00 

0.006+00 

MW-0221 

12-A|ir-93 

0.00E)O0 

O.OOE+00 

0.006+00 

0.006+00 

0.006+00 

O.OOE+00 

0.006+00 

MW-0222 

3-Aiig-93 

4.78E-03 

0.006+00 

3.97E+00 

0.006+00 

2.066+01 

0.006+00 

0.0(£+00 

MW.0223 

5-Aug-93 

O-OOEtOO 

0.006+00 

0.0(£+00 

0.0(£+00 

0.006+00 

O.OOE+00 

0.006+00 

MW-0224 

13-A|ir-93 

8.87E-03 

0.006+00 

2.1(£+02 

0.006+00 

1.406+04 

0.006+00 

O.OOE+00 

MW-0225 

S-Aug-93 

4.08E-03 

0.0(£+00 

0.006+00 

0.006+00 

5.156+01 

0.006+00 

0.006+00 

MW-0226 

16-Apr-93 

3.61E4)6 

0.006+00 

0.0(E+00 

2.9064)1 

7.506+00 

0.006+00 

0.006+00 

MW-0227 

28-Jul-93 

O.OOE+00 

0.006+00 

0.006+00 

0.006+00 

0.006+00 

O.OOE+00 

O.OOE+00 

MW-0228 

5-Aiig-93 

1.72E-04 

3.036+01 

0.006+00 

0.006+00 

2.176+00 

0.006+00 

0.006+00 

MW-0228 

3-Aug-93 

1.72E-04 

3.036+01 

0.006+00 

0.006+00 

2.176+00 

2.806+00 

O.OOE+00 

MW-0229 

16-Apr-93 

2.92&07 

0.006+00 

0.006+00 

0.006+00 

4.6064)1 

0.006+00 

O.OCE+00 

MW-0230 

16-A(ir-93 

0.00EtO0 

0.006+00 

0.006+00 

0.006+00 

0.006+00 

0.006+00 

0.006+00 

MW-0231 

9-Aiig-91 

3.31E-07 

0.006+00 

0.006+00 

O.OOE+00 

1.706+00 

0.006+00 

0.006+00 

MW-0232 

3-May-91 

O.OOEtOO 

0.006+00 

0.006+00 

0.006+00 

0.006+00 

O.OOE+00 

0.006+00 

MW.0235 

21-A|ir-93 

1.22E4)2 

0.006+00 

0.006+00 

2.106+03 

9.506+03 

0.006+00 

0.006+00 

MW-0236 

4-Aug-93 

1.02E-03 

0.006+00 

0.006+00 

1.046+02 

1.126+03 

O.OQE+00 

0.006+00 

MW- 1000 

6-Aiig-93 

O.OOEfOO 

0.006+00 

0.006+00 

0.006+00 

0.006+00 

0.006+00 

0.006+00 

MW-lOOl 

7-Apr-93 

0.00Ef00 

0.006+00 

0.006+00 

0.006+00 

0.006+00 

0.006+00 

0.006+00 

MW-1002 

2-Aii(-90 

O.OOEfOO 

0.006+00 

0.006+00 

0.006+00 

0.006+00 

O.OOE+00 

0.006+00 

MW-1003 

6-Oct-92 

0.006+00 

0.006+00 

0.006+00 

0.006+00 

0.006+00 

0.006+00 

0.006+0( 

MW-1004 

6-Oct-92 

9.13E-08 

0.006+00 

0.006+00 

0.006+00 

0.006+00 

0.006+00 

O.OOE+00 

MW- 1003 

24-Jaii-92 

4.686-07 

0.006+00 

0.006+00 

0.0(£+00 

1.9<E+00 

0.006+00 

0.006+00 
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Tabic  4-9 

Rcpracatativc  Concoitnlloii  Data  Set  Uacd  In  Extent  of  Cwtamination 
DcUncation,  Target  Volume  Generation,  and  Mam  Exttanatet 

_ 0»g/») _ 


LocatkM 

Nm 

Date 

Rbk 

U-DCA 

c-tO-DCE 

PCE  TCE 

IJ-OCX 

1,1.1-TCA 

MW-IOOS 

24-Jan-92 

4.68&07 

0.006400 

0.006400 

0.006400 

1.906400 

6.606400 

2.506400 

MW-1009 

15-JU1-92 

aooB+oo 

0.006400 

0.006400 

0.006400 

0.006400 

0.0(6400 

0.0(6400 

MW-lOlO 

19-Jaii-93 

aOOB+00 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.0(6400 

MW-lOll 

Maii-90 

aooB+00 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

MW-1012 

23-Oct-91 

0.0CBf00 

0.006400 

0.006400 

0.0(6400 

0.006400 

0.0(6400 

MW-1013 

20-A|ir-89 

o.ooe40o 

0.006400 

0.006400 

0.006400 

0.0(6400 

0.006400 

0.0(6400 

MW-1014 

27-Aiir-89 

O-OC&fOO 

0.<XB*O0 

0.0(6400 

0.006400 

0.006400 

0.006400 

0.0(6400 

MW-IOIS 

30-JU1-93 

o.ooe+00 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.0(6400 

MW-1016 

50ct-92 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.0(6400 

MW-1017 

10-A|v-90 

0.006400 

0.006400 

0.006400 

0.0(6400 

0.006400 

0.006400 

0.0(6400 

MW-I018 

15-Apr-93 

0.006400 

0.006400 

0.0(6400 

0.006400 

0.006400 

0.006400 

0.006400 

MW-i019 

20-IU1-93 

3.12EM1 

0.0(£400 

0.006400 

0.006400 

5.85&01 

0.006400 

0.0(6400 

MW-IOZO 

8-Ian-93 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.0(6400 

MW-1021 

28-Jul-93 

6.73E-06 

0.0(£400 

2.846400 

0.0(6400 

9.9«400 

0.006400 

6.54E-01 

MW-1022 

28-Jul-93 

6.49E-06 

0.006400 

6.02601 

0.0(6400 

9.276400 

0.006400 

0.006400 

MW-t023 

9-Oct-92 

0.006400 

0.006400 

0.0(6400 

0.0(6400 

0.006400 

0.006400 

0.006400 

MW-1024 

18-lan-93 

0.006400 

0.0(£400 

0.0(6400 

0.006400 

0.006400 

0.006400 

0.0(6400 

MW-1025 

13-Jan-93 

0.006400 

0.0(£400 

0.006400 

0.006400 

0.006400 

0.0(6400 

0.006400 

MW- 1026 

21-JU-93 

1.0664X7 

0.0(£400 

0.006400 

0.0(6400 

3.406-01 

0.006400 

0.006400 

MW-1027 

21-Jaa-93 

0.006400 

o.o(e40o 

0.006400 

0.0(6400 

0.006400 

0.006400 

0.006400 

MW-1028 

21-110-93 

0.006t00 

0.0(£400 

0.0(6400 

0.006400 

0.0(6400 

0.006400 

MW-1029 

27-Jan-92 

2J6606 

0.0(®400 

0.006400 

3.8(6400 

0.006400 

6.80E-01 

MW- 1030 

15-110-92 

1.02607 

O.OCE400 

0.006400 

0.006400 

0.006400 

0.006400 

0.0(6400 

MW-1031 

17-Oct-91 

0.006400 

0.006400 

0.0(6400 

0.0(6400 

0.006400 

0.0(6400 

MW-1032 

17-1U1-92 

1J86-06 

0.006400 

0.006400 

0.006400 

0.006400 

0.0(6400 

0.006400 

MW.1033 

14-Oct-88 

0.0(6400 

0.006400 

0.006400 

0.0(6400 

0.006400 

0.0(6400 

0.006400 

MW-1034 

26-A|)r-91 

0.006400 

0.006400 

0.006400 

0.0(6400 

0.006400 

0.0(6400 

0.0(6400 

MW- 1035 

28-1U1-92 

0.006400 

0.006400 

0.006400 

0.006400 

0.0(6400 

0.006400 

0.0(6400 

MW-1036 

2-Miy-91 

0.006400 

0.006400 

0.0(6400 

0.0(6400 

0.0(6400 

0.0(6400 

0.006400 

MW-1037 

30-1U1-93 

0.006400 

0.0(®400 

0.(X6400 

0.006400 

0.0(6400 

0.0(6400 

0.006400 

MW-1038 

20-110-93 

0.006400 

0.0(6400 

0.0(6400 

0.006400 

0.006400 

0.006400 

0.006400 

MW-1039 

20-110-93 

0.006400 

0.0(6400 

0.(X6400 

0.0(6400 

0.006400 

0.006400 

0.006400 

MW-1040 

22-Oct-91 

0.006400 

0.0(6400 

0.(X6400 

0.0(6400 

0.006400 

0.0(6400 

0.006400 

MW-1041 

11-110-93 

0.006400 

0.006400 

0.0(6400 

0.006400 

0.006400 

0.0(6400 

0.006400 

MW-1042 

11-110-93 

0.006400 

0.006400 

0.006400 

0.0(6400 

0.0(6400 

0.0(6400 

0.006400 

MW-1043 

ll-lin-93 

0.006400 

0.0(6400 

0.0(6400 

0.0(6400 

0.006400 

0.0(6400 

0.0(6400 

MW- 1044 

5-Aug-93 

3.15606 

0.006400 

5.22601 

0.0(6400 

1.786400 

0.0(6400 

0.0(6400 

MW- 1045 

5-Aug-93 

5J4&06 

0.006400 

2.646400 

0.0(6400 

8.726400 

0.0(6400 

0.0(6400 

MW- 1046 

5-Aug-93 

2J8&06 

0.0(6400 

1.236400 

0.0(6400 

4.066400 

0.006400 

0.0(6400 

MW-1047 

3-Aug-93 

0.0(£400 

0.006400 

0.006400 

0.006400 

0.0(6400 

0.0(6400 

0.0(64(X) 

MW-1048 

31-110-92 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

MW-1049 

2-Aug-93 

6.35606 

0.0(6400 

3.446400 

0.006400 

1.006401 

0.006400 

0.006400 

MW-1050 

2-Aug-93 

2.63606 

0.0(6400 

8.00601 

1.236-01 

2.946400 

0.006400 

0.006400 

MW-1051 

2-Aug-93 

5.11606 

0.006400 

i 126400 

0.006400 

7.426400 

0.0(6400 

2.206400 

MW-1052 

2-Aug-93 

0.006400 

0.0(6400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

MW-1053 

3-Aug-93 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

MW-1054 

30-lul-93 

2.34607 

0.006400 

0.006400 

0.006400 

3.686-01 

0.006400 

0.006400 

MW-1053 

30-1UI-93 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

MW-1056 

30-lul-93 

4.69607 

0.006400 

0.006400 

0.006400 

7.386-01 

0.006400 

0.006400 
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Table  4-9 

ReprcMirtadvc  Concaitratiea  Data  Set  Heed  In  Extent  of  Contamination 

Delineation.  Target  Votome  Generation,  and  Mam  EiUmatee 
(Mg/I) 

Loc^ioii 

Nmm 

Dale 

Rbk 

1.1-DCA 

C-1.2-DCB 

PCE 

TOE 

lO-DCE 

1.U1-TCA 

MW.1057 

30-JU1-93 

O.OOE+00 

O.OQBeOO 

0.006400 

0.006(00 

0.006(00 

0.006(00 

0.006400 

MW-1QS8 

3-Au(-93 

4.30&07 

0.0Q&e00 

0.006400 

0.006400 

6.77601 

0.006400 

0.006400 

MW-1QS9 

3^U(-93 

O.OQE+00 

O-OOE+OO 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

MW-1060 

3-Aug-93 

o-oce+oo 

0.00&f00 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

MW-1061 

S-Aug-93 

aooBfOO 

o.ooe+00 

0.006400 

0.006(00 

0.006400 

0.006400 

0.006400 

MW-t062 

3-Aut-93 

O-OOGetM 

0.00&f00 

0.006400 

0.006400 

0.006400 

0.006400 

0.006400 

MW-1063 

26-iaii-93 

o.ooeeoo 

o-ooe-foo 

0.006400 

0.0(6400 

0.006(00 

0.006400 

0.006400 

MW-1064 

20-JU-93 

O-OOBfOO 

O-OaEeOO 

0.006400 

0.006(00 

0.006400 

0.006400 

0.006400 

MW-106S 

4-Aug-93 

6.2SE-06 

o.oaE+00 

9.16601 

1.396400 

4A3601 

0.006400 

0.006400 

MW-1066 

20-JUI-93 

1.92E-06 

o.ooe+00 

S.9<^1 

1.306400 

0.006400 

0.006400 

0.006400 

MW-1067 

4-Aiig-93 

1J8E-QS 

0.006400 

0.006400 

0.006400 

1.436(00 

0.006400 

0.006(00 

MW-1068 

4-Aug-93 

0.(K£400 

O.O0E4OO 

0.006400 

0.006400 

0.006400 

0.0(6400 

0.006(00 

MW-1069 

13-Atv-93 

O.OOBeOO 

0.006400 

0.0(£400 

0.0(6400 

0.006400 

0.006400 

0.006(00 

i 
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•  Five  southern  OU  A  wells  installed  and  sampled  between 
December  1993  and  January  1994  by  Jacobs  Engineering 

•  Seven  borings  and  five  monitoring  wells  installed  as  part  of 
the  OU  D  RI  and  sampled  between  June  1993  and 
December  1993  by  CH2M  HILL 

•  262  monitoring  wells  sampled  through  the  GSAP  program 
by  Radian  Corporation. 

Data  from  the  GSAP  program  were  available  in  electronic  format  for  all 
results  up  to  the  thirJ  quarter  1993  sampling  period.  Hiese  samples  will 
be  referred  to  as  being  ”in  the  database.  ”  Cancer  risk  calculations  were 
performed  on  all  data  in  the  database  (i.e.,  in  electronic  format  up  to  the 
third  quarter  of  1993).  Fourth  quarter  1993  GSAP  data  were  available 
only  in  hardcopy  from  the  quarterly  data  summary  report  (Radian,  1993). 
Results  from  this  quarter  were  incorporated  for  newly  installed  wells  that 
were  not  sampled  previously  or  in  areas  where  temporal  data  gaps  exist 
in  the  database.  Use  of  the  fourth  quarter  1993  data  is  described  below. 
Fourth  quarter  data  for  all  sampled  wells  was  not  used  because  the 
results  were  not  available  in  electronic  format  and  risk  calculations  could 
not  be  performed  on  these  samples.  Risk  calculations  are  cumulative 
over  a  suite  of  contaminants.  The  calculation  of  risk  is  automated.  For 
wells  without  risk  calculations,  prevalent  contaminant  concentrations 
were  examined  in  generating  the  target  volumes  and  delineating  the 
extent  of  contamination.  Concentration  of  all  contaminants  must  be 
avulable  so  that  calculations  can  be  complete.  The  effects  of  the  fourth 
quarter  data  were  considered  in  the  target  volume  generation  and  are 
discussed  in  the  section  discussing  target  volumes. 

The  data  set  representmg  current  groundwater  conditions  was  assembled, 
and  the  extent  of  contamination,  VOC  mass,  and  target  volumes  were 
estimated.  Approximately  196  wells  were  sampled  within  the  last 
2  years.  Hence,  water  quality  trends  of  all  other  wells  were  examined 
to  extrapolate  to  current  groundwater  conditions.  The  following  steps 
were  taken  in  assembling  the  data  set: 

•  Water  quality  data  collected  from  the  newly  installed  OU  A  and 
OU  D  wells  were  incorporated  into  the  data  set.  MW-38D  was 
also  sampled  for  the  OU  D  RI  and  was  included  in  the  data  set; 
it  was  last  sampled  in  June  1985.  Risk  values  were  not  cal¬ 
culated  for  these  wells. 

•  For  wells  in  the  database,  the  most  recent  result  for  each  well 
sampled  during  1992  or  1993  were  incorporated  into  the  data 
set.  Sampling  performed  within  the  last  2  years  is  considered 
representative  of  current  conditions.  Risk  values  were  calculated 
for  these  wells. 

•  For  wells  in  the  database  that  were  last  sampled  between  1988 
and  1991,  their  data  trends  were  examined  to  approximate  what 
current  water  quality  concentrations  might  be.  These  wells  were 
divided  into  three  categories: 
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Wells  that  were  consistently  nondetect:  In  most  cases,  these 
wells  were  not  sampled  «i'ter  1991  because  concentrations 
were  consistently  nondetect.  Hence  for  consistently  non¬ 
detect  wells,  the  most  recent  nondetect  result  was  used. 

Risk  values  were  calculated  for  these  wells. 

Wells  with  fluctuating  concentrations:  Fourth  quarter  1993 
results  for  three  wells  with  fluctuating  concentrations, 
MW-134,  MW-165,  and  MW-211.  were  available  from  the 
data  summary  report  and  were  incorporated  into  the  data 
set.  Average  concentrations  were  calculated  and  incorp¬ 
orated  into  the  data  set  for  three  wells,  MW-131,  MW-166, 
and  MW-21S.  These  wells  experienced  fluctuating  concen¬ 
trations  but  were  not  sampled  during  the  fourth  quarter  of 
1993.  Risk  values  were  not  calculated  for  these  six  wells. 

Wells  with  increasing  or  decreasing  concentrations:  Con¬ 
centrations  in  MW- 120  were  consistently  declining.  It  was 
last  sampled  in  July  1989  at  nondetectable  levels  for  preva¬ 
lent  contaminants;  therefore,  that  sample  record  and  the 
associated  risk  were  incorporated  in  the  data  set.  Concen¬ 
trations  in  MW-44S  were  increasing;  therefore,  the  most 
recent  record  and  risk  value  in  the  data  base  was  used. 

•  Newly  installed  wells  that  were  sampled  in  the  fourth  quarter  of 
1993:  Results  for  MW-282,  MW-283,  MW-284,  MW-285, 
MW-286,  MW-287,  MW-288,  and  MW-999  were  taken  from 
the  fourth  quarter  data  summary  report.  Risk  values  were  not 
calculated  for  these  wells. 

Thirty-six  monitoring  wells  were  last  sampled  prior  to  or  during  1986 
and  were  not  included  in  the  data  set  because  their  results  are  not  repre¬ 
sentative  of  current  water  quality  conditions,  and  estimates  of  current 
conditions  could  not  be  made  with  the  available  data.  Water  quality 
information  from  the  OU  D  extraction  wells  and  EW-144  were  not  used 
in  the  mass  estimates  or  the  generation  of  the  target  volumes  because 
they  are  screened  thorough  more  than  one  zone  and  their  concentrations 
are  not  representative  of  concentrations  from  a  single  zone.  EW-144  has 
two  screened  intervals  that  extend  from  the  bottom  of  the  A  Zone  to  the 
bottom  of  the  B  Zone.  The  OU  D  extraction  wells  have  120-foot 
screened  intervals  that  extend  from  the  vadose  zone  through  the  A  Zone 
to  the  middle  of  the  B  Zone.  The  data  from  these  wells  are  shown  on 
the  figures  showing  extent  of  contamination  and  target  volumes,  but  they 
were  not  used  in  delineating  the  target  volumes.  Because  contaminant 
data  for  the  OU  D  extraction  wells  were  collected  during  the  OU  D  RI 
field  work,  risk  values  were  not  calculated  for  the  OU  D  extraction 
wells.  In  all  cases,  due  to  contamination  in  surrounding  monitoring 
wells,  a  target  volume  was  still  delineated  in  the  areas  where  these 
extraction  wells  are  located. 
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4.6.2  Prevalent  Contaminants 


VOCs 

Four  VOCs  (TCE,  cis-l,2-DCE,  PCE,  and  1,2-DCA)  were  selected  as 
prevalent  contaminants  based  on  the  following  criteria: 

•  Frequency  of  detections 

•  Concentration  measurements  above  MCLs 

•  Health  risk  posed  by  the  contaminant 

These  four  VOC  conqmunds,  their  MCLs,  concentnUions,  and  their 
summary  statistics  are  presented  in  Table  4-10.  Concentrations  were 
assumed  to  reflect  background  conditions  when  there  were  no  detectable 
concentrations  of  VOCs  using  reliable  analytical  methods.  In  most  cases, 
this  was  met  using  EPA  Methods  601  and  602  with  a  0.5  ftg/l  detection 
level. 


Table  4-10 

Stadstks*  of  Prevalent  Contaminants 

Contamiiunt 

MCLs" 

0«g/D 

Frequency 

of 

Detection 

W 

Mean' 

0«A) 

Maximum 

Detection 

0*8/1) 

TCE 

5 

51 

453 

26,000 

cis-l,2-DCE 

6 

26 

3.54 

210 

PCE 

5 

11 

13.61 

2,100 

1,2-DCA 

0.5 

9 

1.2 

120 

'From  most  recent  VOC  concentrations  measured  during  or 

after  1988  for  all  wdls  in  the  data  base. 

’’California  Department  of  Health  Services  primary  MCL. 

1  ‘Mean  calculated  with  non-detect  as  zero. 

_ ! 

Results  from  the  compiled  data  set  were  used  to  select  TCE,  cis-1,2- 
DCE,  PCE,  and  1,2-DCA  as  the  prevalent  contaminants.  The  graphs  in 
Figure  4-42  compare  summary  statistics  by  year  for  TCE,  PCE,  1,2- 
DCA,  total  1,2-DCE,  1,1,1-TCA,  and  1,1-DCE. 


For  most  contaminants,  the  frequency  of  detections  has  been  increasing 
with  time,  but  their  maximum  and  mean  concentrations  have  been 
decreasing.  This  nuy  be  the  result  of  the  following: 


•  Because  of  regional.  Base,  and  extraction  well  pumpage,  con¬ 
taminant  plumes  have  been  migrating. 

•  Contaminant  mass  has  been  removed  by  extraction  wells 
installed  for  remedial  actions. 

•  Several  wells  that  have  been  sampled  consistently  at  non-detect 
levels  have  been  dropped  from  the  monitoring  program. 
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FIGURE  4-42 

FREQUENCY  OF  SAMPLING 
DETECTS  AND  MEAN 
CONCENTRATIONS  FOR 
SELECTED  VOCS 

GROUNDWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 
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•  New  wells  have  been  added  to  the  program  to  further  define  the 
lateral  extent  of  the  contaminant  plumes.  This  has  led  to  the 
addition  of  numerous  wells  in  relatively  low  grouiulwater  con¬ 
tamination  areas. 

Hence,  compounds  have  been  detected  in  more  sampled  wells,  but  at 
lower  concentrations.  These  activities  are  discussed  in  Chapters  2  and  3. 

4.6.3  Groundwater  Monitoring  History 

Since  the  discovery  of  VOCs  in  the  groundwater  supplies  at  McClellan 
AFB  in  1979,  several  steps  have  been  taken  to  characterize  the  hydro¬ 
geologic  characteristics  of  the  groundwater  system  and  to  assess  the 
magnitude  and  extent  of  groundwater  contamination. 

Monitoring  Network 

Over  300  monitoring  wells  and  14  extraction  wells  have  been  installed 
Basewide.  Table  4-11  summarizes  the  number  of  wells  installed  in  each 
zone  and  includes  wells  that  are  currently  active,  decommissioned,  or 
dry.  In  1986,  a  monitoring  program  began  that  sampled  for  VOCs, 
semivolatile  organic  compoimds,  metals,  pesticides,  and  dioxins. 


Table  4-11 

Monitaring  Wells  Installed  to  Date 

Zone 

Monitoring  Wells 

Extraction  Wdls 

A 

172 

9* 

B 

94 

4 

C 

38 

2 

D 

10 

1 

E 

3 

- 

ATE?" 

4 

- 

TOTAL 

321 

15 

*The  six  OU  D  extraction  wells  are  screened  from  the 
vadose  zone  through  all  of  the  A  zone  to  the  middle  of  the 

B  zone.  They  were  counted  as  A-zone  wells. 

'’ATE  =  Screened  through  the  A  to  E  zones. 

Several  of  these  wells  have  gone  dry  and  have  not  been  sampled  in  the 
last  2  years.  Some  wells  have  never  been  sampled,  or  their  results  are 
not  currently  available.  Water  quality  information  for  303  monitoring 
wells,  12  extraction  wells,  and  7  borings  is  currently  available  and  incor¬ 
porated  into  this  conceptual  model.  Table  4-12  presents  the  distribution, 
by  year,  of  the  most  recent  sampling  performed  in  each  of  these  wells. 
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Table  4-12 

Distribution  of  the  Most  Recent  Year  of  Sampling 

Most  Recent  Year  of 
Sampling 

Number  of  Wells/ 
Borings 

1993 

196 

1992 

31 

1991 

38 

1990 

9 

1989 

9 

1988 

3 

1987 

0 

1986 

10 

1985 

18 

1984 

2 

1983 

0 

1982 

6 

Total 

322 

Water  quality  infortuation  collected  during  and  after  1988  was  incorpo¬ 
rated  into  the  data  set  presented  in  Section  4.6.1. 

Interpretation  of  Monitoring  Network 

The  current  monitoring  well  network  provides  specific  lateral  and  vertical 
snapshots  of  the  groundwater  system.  Using  information  regarding 
source  areas,  contaminant  properties,  and  groundwater  flow  directions, 
water  quality  and  water  level  results  from  specific  wells  have  been  inter¬ 
preted  to  estimate  the  extent  of  VOC  and  metals  contamination,  as  well 
as  to  determine  target  areas.  The  ultimate  results  of  this  study  are 
dependent  on  the  monitoring  network  (i.e.,  the  location  and  depths  of  the 
monitoring  wells).  Monitoring  wells  were  initially  placed  to  confirm 
areas  of  high  contaminant  concentrations.  During  subsequent  phases, 
wells  were  placed  to  delineate  the  vertical  and  lateral  extent  of  contami¬ 
nation.  Figures  4-43,  4-44,  4-45,  and  4-46  show  the  current  monitoring 
well  locations  by  zone. 

Uncertainty  exists  regarding  interpretation  of  the  results  of  the  ground- 
water  monitoring  network.  For  example.  Figure  4-47  presents  the  results 
of  TCE  sampling  in  B  zone  monitoring  wells  in  OU  A.  The  light  blue 
line  shows  the  approximate  extent  of  contamination  based  on  current 
results.  The  dark  blue  line  shows  the  extent  of  contamination  that  would 
result  if  data  from  Wells  MW-26D,  MW-223,  and  MW-1059  were  not 
available.  This  scetuuio  of  missing  wells  demonstrates  that  interpretation 
of  groundwater  quality  data  and  the  extent  of  contamination  is  dependent 
on  the  location  of  monitoring  wells.  The  extent  could  only  be  bound 
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with  confidence  in  areas  where  wells  have  consisteatly  measured  non- 
detect.  Conversely,  plumes  could  only  be  identified  in  areas  where  wells 
have  consistently  measured  detects. 

Summary  of  Past  Monitoring 

Figure  4-48  presents  a  time  line  of  the  most  significant  groundwata 
monitoring  events  that  have  been  performed  at  McCldlan  AFB.  Gen¬ 
eral  results  of  the  previous  IRP  groundwater  investigations  are  listed 
below: 

•  Past  disposal  sites,  metal  plating  operations,  and  the  leaking  of 
the  IWL  may  have  ctmtributed  to  the  soil  and  groundwater 
contamination. 

•  Base  production  wells  and  monitoring  wells  could  be  serving  as 
conduits  for  contaminant  migration  into  de^r  aquifers. 

•  Aquifers  are  not  sqrarated  from  one  another;  they  provide  a 
natural  path  for  contaminant  migration. 

•  Domestic,  regional,  and  Base  well  punqtage  affects  groundwater 
movement. 

•  Known  VOC  contamination  exists  onbase  in  three  distinct 
plumes.  TCE  is  the  most  prevalent  organic  compound.  VOCs 
and  metals  contaminants  are  moving  with  the  groundwater  flow 
(Radian,  1986  to  1993). 

•  Groundwater  flow  is  goierally  toward  the  south  and  southwest. 

More  detailed  aiudysis  of  the  groundwater  system  will  be  presented  in 
upcoming  sections  of  this  ch^ter. 

4.6.4  Water  Quality  Information  for  Base  and 
Production  Wells 

Contamination  of  municipal  and  Base  water  supplies  has  led  to  the 
closure  of  several  Base  wells  and  the  reduction  of  pumpage  in  several 
city  wells.  Ihe  following  paragnqrhs  summarize  the  available  water 
quality  information  on  Base  and  ci^  wells.  This  information  was 
gathered  from  Base  closure  rqxirts  and  production  well  and  municipal 
well  quarterly  rqxrrts. 

BW-18 

BW-18  has  four  screened  intervals  occurring  from  169  to  185,  210  to 
260,  304  to  349,  and  378  to  387  feet  bgs.  These  screen  intervals  can  be 
assigned  to  Monitoring  Zones  B,  C,  D,  and  E.  In  1992,  the  wdl 
punqied  an  average  of  approximately  975  gallons  per  minute.  Most  of 
the  punqied  water  draws  from  the  deeper,  less  contaminated  D  and  E 
aqiuf«  zones. 
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studied  extent  of  contaminant  migration 
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During  operation,  BW-18  has  a  zone  of  capture  that  is  apparent  in 
Monitoring  Zones  A,  B,  and  C.  Pumping  at  BW-18  induces  a  vertical 
downward  gradient  between  aquifer  zones  and  therefore  creates  potential 
contaminant  migration  pathways.  Contaminant  migration  might  also 
occur  through  the  well’s  gravel  pack,  which  extends  from  the  base  of  the 
well  to  Monitoring  Zone  A. 

From  1981  to  1984,  BW-18  was  out  of  service  because  of  contamination. 
Sanq>les  collected  from  BW-18  by  Radian  Corporation  during  1990  and 
1992  have  contained  concentrations  of  TCE  exceeding  the  MCL.  To 
reduce  the  contaminant  level  in  the  pumped  water,  a  wellhead  water 
treatment  unit  consisting  of  carbon  filters  has  been  installed. 

Once  surrounding  contaminated  areas  are  contained  by  remedy  extraction 
wells,  BW-18  will  be  abandoned  to  reduce  the  risk  of  vertical  migration 
of  contaminants  into  the  deeper  aquifer  zones.  The  remedy  extraction 
well  system  will  have  screen  intervals  only  in  the  A,  B,  and  C  aquifer 
zones,  which  will  more  efficiently  remove  contaminants  and  will  also 
prevent  the  offsite  migration  of  contaminated  groundwater. 

City  Well  150 

After  the  initial  sampling  of  several  Base  wells  in  1979  revealed  low 
levels  of  TCE,  additional  samples  from  several  onbase  and  offbase  wells 
were  collected.  As  a  result  of  the  investigation,  two  Base  wells  (BW-1 
and  BW-2)  and  two  private  household  offbase  wells  (Higgs  and  Russell) 
were  shut  down  because  of  the  presence  of  TCE.  High  levels  of  TCE 
exceeding  the  MCL  of  5  ppb  were  also  obtained  from  samples  collected 
from  CW-150  (screened  144  to  372  feet  bgs).  CW-150,  located  near  the 
southwest  boundary  of  the  Base  in  OU  B  and  about  1,500  feet  west  of 
BW-18,  was  left  in  service  and  only  pumped  during  periods  of  high 
demand. 

Water  derived  from  CW-ISO  was  blended  within  the  distribution  system 
to  levels  that  met  the  accepted  state  standards.  The  data  in  the  figure 
show  rising  TCE  concentrations  during  the  summer  months,  which  is 
probably  caused  by  increasing  pumping  rates.  However,  TCE  levels 
have  not  exceeded  the  MCL  since  July  1981,  and  have  not  decreased 
below  1  ppb  since  1986.  The  well  was  put  out  of  operation  in  April 
1989  and  decommissioned  in  April  1991.  A  time-series  plot  of 
concentrations  measured  at  CW-ISO  between  1979  and  1989  is  present  in 
Figure  4-49. 

Hydraulic  Influettce  of  BW-18 

Because  BW-18  and  CW-ISO  are  both  screened  within  the  same  aquifer 
zones,  the  decreasing  level  of  TCE  in  CW-ISO  might  be  related  to 
increasing  pumping  rates  at  BW-18.  Samples  collected  from  BW-18 
during  1990-1992  by  Radian  Corporation  have  contained  TCE  concentra¬ 
tions  exceeding  the  MCL.  BW-18’s  extent  of  hydraulic  influence  on 
local  flow  patterns  is  observable  in  the  approximate  circular  shape  of 
water  level  contours  around  the  well.  Groundwater  appears  to  flow 
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toward  BW-18.  When  BW-18  is  not  pumping,  groundwater  flows  south 
or  southwest  beneath  OU  B.  (Radian,  September  1992). 

According  to  LuhdorfF  &  Scalmanini  (February  1984),  community  wells 
near  BW-18  were  found  to  have  low  levels  of  contamination.  Municipal 
wells  in  the  vicinity  of  the  Base,  including  several  wells  downgradient 
from  BW-18,  have  been  sampled  for  VOCs  from  June  1991  to  February 
1993,  and  no  detectable  or  low  levels  of  VOCs  were  detected  (Radian, 
March  1993).  Most  of  these  wells  draw  their  water  primarily  from 
deeper  groundwater  zones,  except  CW-131  (screened  36  to  95  feet  bgs), 
CW-132  (screened  36  to  300  feet  bgs),  and  CW-155  (screened  6  to  430 
feet  bgs).  CW-132  has  been  out  of  service  since  January  28,  1993. 

4.6.5  Extent  of  VOC  Contamination 

The  nature  and  extent  of  VOC  and  metals  contamination  was  estimated 
by  studying  the  VOC  data  set  presented  in  Section  4.6.1.  The  four 
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prevalent  contaminants,  TCE,  PCE,  cis-l,2-DCE,  and  i,2-DCA,  were 
examined  in  detail. 

The  horizontal  and  vertical  extent  of  contamination  were  determined  by 
studying  the  contaminant  conc^itration  results  in  plan  view  and  in  profile 
view.  Groundwater  contamination  at  the  Base  can  be  divided  into  three 
distinct  plumes  that  migrate  from  the  original  source  areas.  These 
plumes  are  the  OU  A,  OU  B/C,  and  OU  D  plumes.  The  groundwater 
system  has  been  divided  into  five  layers:  the  A,  B,  C,  D,  and  E 
Monitoring  Zones.  The  extent  of  contamination  will  be  examined  by 
plume  and  then  contamination  will  be  studied  by  zone  for  each  plume. 

Since  there  are  limited  wells  in  the  D  and  E  Zone,  the  D  and  E  Zones 
will  be  examined  together. 

The  general  groundwater  flow  at  McClellan  AFB  has  been  from  north¬ 
east  to  southwest.  The  withdrawals  from  the  Base  wells  in  the  past  and 
currently  from  extraction  wells  change  the  local  groundwater  flow 
patterns.  The  groundwater  levels  have  declined  more  than  60  feet  during 
the  past  few  decades  because  of  withdrawals  for  agriculture  and  urban 
water  uses  (McLaren,  1986).  Today  the  water  table  exists  at  a  depth  of 
about  95  to  lOS  feet  beneath  the  surface,  with  seasonal  fluctuations  of  up 
to  S  feet.  The  gradual  decline  of  the  water  table  and  the  seasonal 
fluctuations  creates  ”smear  zones”  beneath  the  contamination  source 
sites.  These  zones  are  created  because  of  flushing  action  of  the  water 
entering  and  leaving  the  contamination  source  areas.  Smearing  of  the 
contamination  is  a  relatively  nqiid  vertical  transport  phenomenon  com¬ 
pared  to  diffusion  or  dispersion  and  can  be  an  in^>oitant  mechanism  for 
contaminant  migration.  These  smear  zones  may  extend  from  the  contam¬ 
ination  source  at  the  surface  to  the  water  table.  The  intent  of  this  section 
is  to  study  the  groundwater  contaminant  plumes  in  comparison  to  the 
contaminant  source  sites  which  have  been  identified  on  the  Base.  These 
source  sites  have  been  classified  as  CSs  and  PRLs.  Some  areas  are 
designated  as  study  areas  (yet  to  be  studied).  In  addition,  an  IWL  runs 
through  the  Base,  which  is  considered  a  source  of  contaminants  through 
leakage  and  pipe  failure. 

The  following  sections  will  present  the  vertical  and  horizontal  extent  of 
contamination  for  the  prevalent  contaminants.  TCE  is  the  most 
frequently  detected  contaminant  because  its  migration  has  been  so 
widespread;  therefore,  the  vertical  and  lateral  migration  of  TCE  will  be 
discussed  in  more  detail.  Figures  4-50,  4-52,  4-54,  and  4-56  show  the 
water  levels  and  extent  of  TCE,  cis-l,2-DCE,  PCE,  1,2-DCA,  and  vinyl 
chloride  contamination  in  Monitoring  Zones  A,  B,  C,  and  D/E, 
respectively.  Figures  4-51,  4-53,  and  4-55  present  the  analytical  data 
used  to  develop  the  contaminant  contours  for  Monitoring  Zones  A,  B, 
and  C.  Groundwater  contours,  source  areas,  groundwater  monitoring 
wells,  and  active  base  wells  are  also  presented  on  these  figures. 

Several  cross  sections  of  the  subsurface  have  been  constructed  to  evaluate 
the  distribution  of  contamination.  The  locations  of  these  sections  are 
presented  in  Figure  4-57.  Eleven  profiles  show  the  vertical  extent  of 
contamination;  these  profiles  through  the  OU  A,  OU  B/C,  and  OU  D 
plumes  are  presented  in  Figures  4-58,  6-59,  and  4-60,  respectively.  The 


RDD\IOOI36BS.WP5(OW  RI/FS) 


4-88 


6/23/94 


extent  of  TCE  contamination  is  presented  in  these  figures  as  well  as  the 
concentrations  of  1,2-DCA,  cis-l,2-DCE,  and  PCE.  Eight  lithologic 
cross  sections  showing  subsurface  lithology,  water  levels,  monitoring 
zones,  and  prevalent  contaminant  concentrations  are  presented  in  Chapter 
3  as  Figures  3-2  through  3-8.  A  thorough  discussion  of  the  subsurface 
lithology  is  also  presented  in  Chapter  3.  Nineteen  cross  sections 
interpolated  from  geophysical  logs  have  been  prepared  by  Radian  and  are 
presented  in  the  PGOURI  (Radian,  1992). 

Operable  Unit  A  Plume 

The  general  groimdwater  flow  direction  in  OU  A  is  southwest.  Several 
Base  wells  on  the  northeast  side  of  OU  A  have  been  in  operation  in  the 
past  (BW-8,  -9,  and  -20).  BW-10  is  still  operative  but  does  not  influence 
contaminant  migration  in  the  A,  B,  and  C  Zones.  These  Base  wells 
strongly  influence  local  groundwater  flow  directions,  especially  in  the 
aquifers  where  they  are  screened. 

TCE  i,s  the  most  prevalent  contaminant  in  the  OU  A  plume;  its  presence 
defines  the  target  volumes  in  all  areas  except  in  the  B  Zone,  the  northeast 
end  of  the  plume,  where  PCE  and  cis-l,2-DCE  are  present.  On  Figures 
4-52,  4-52,  4-54,  and  4-56,  the  solid  lines  indicate  a  higher  level  of 
confidence  in  the  plume  boundary,  while  the  dashed  lines  indicate  an 
estimate  of  the  plume  boundary.  These  regions  can  be  seen  in  Monitor¬ 
ing  Zones  A,  B,  and  C  in  decreasing  magnitude.  The  small  areal  extent 
of  the  plume  indicates  that  horizontal  migration  of  TCE  has  been  slow  at 
OU  A.  This  observation  is  consistent  with  the  low  transmissivities 
observed  in  the  aquifer  tests  conducted  in  A-zone  wells  located  at  OU  A. 
The  TCE  may  have  been  partially  immobilized  in  the  soil  zones  by  a 
strong  sorption  onto  the  site  soils.  TCE  has  a  high  log  value  of 
2. 10,  indicating  strong  sorption  to  soil  and  aquifer  material.  This 
hypothesis  is  supported  by  the  fact  that  low  permeability  sediments  often 
contain  a  greater  quantity  of  organic  matter  than  more  permeable 
sediments. 

The  areas  of  highest  contamination  in  the  OU  A  plume  are  delineated  by 
MW-224  and  MW-172  that  has  detected  TCE  at  14,000  ^g/1  and  17,000 
^g/1,  respectively.  Source  area  activities  that  may  have  contributed  to 
high  contamination  include  spills  during  maintenance  operations  and  IWL 
and  underground  storage  tanks  leaks.  The  general  groundwater  flow 
direction  to  the  southwest  explains  the  southwest  migration  of  the  TCE 
plume.  The  dense  network  of  Base  wells  in  the  northeast  direction  of  the 
source  sites  may  explain  the  migration  of  TCE  in  the  northeast  direction. 
These  Base  wells  (BW-8,  -9,  and  -20)  have  been  in  operation  in  the  past. 

Horizontal  Extent  of  Contamination 

The  OU  A  cis-l,2-DCE,  PCE,  and  1,2-DCA  plumes  are  also  shown  in 
Figures  4-50,  4-52,  4-54,  and  4-56,  along  with  groundwater  contours, 
source  areas,  and  the  groundwater  monitoring  wells  in  OU  A.  In 
Monitoring  Zones  A  and  B  at  OU  A,  cis-l,2-DCE,  PCE,  and  1,2-DCA 
are  found.  The  center  of  these  plumes  lie  to  the  northeast  of  all  the  CSs. 
This  again  may  be  because  of  historic  Base  well  pumpage  in  that 
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direction.  The  concentrations  of  these  chemicals  all  decrease  with  depth. 
The  vertical  movement  of  these  contaminants  seems  to  be  limited  as  there 
are  no  detections  observed  in  Monitoring  Zone  C  (depth  180  to  250  feet). 

The  A  Zone  TCE  plume  is  unbound  to  the  northwest  along  the  runway. 

It  is  bounded  to  the  east  by  nondetects  in  MW-212  but  unbounded  to  the 
south  and  southwest.  New  data  were  obtained  in  December  1993  and 
January  1994  from  five  wells  located  in  the  southeast  section  of  the  OU 
A  plume  near  Site  24.  Four  were  A-Zone  wells  and  one  was  a  B-Zone 
well.  TCE  was  measured  in  two  of  the  A-Zone  onbase  wells  MW-289 
and  MW-291  at  140  /rg/l  and  70  /(g/l,  respectively.  TCE  was  not 
detected  at  the  two  offbase  A-Zone  monitoring  wells  and  one  B-Zone 
onbase  well.  Based  on  current  information,  this  section  of  the  OU  A 
plume  is  considered  bound.  These  wells  should  continue  to  be  monitored 
to  determine  the  extent  of  offbase  contamination. 

The  B  Zone  TCE  plume  is  bound  on  the  northeast  end  by  MW-213, 
MW-1065,  MW-1066  MW-179  and  MW-229.  It  is  unbound  to  the 
northwest  along  U.S.  80  and  to  the  west  end. 

Two  separate  smaller  plumes  exist  in  the  C  Zone.  The  northern  plume 
appears  unbound  to  the  north.  They  both  appear  bound  to  the  south. 

Both  plumes  are  below  areas  of  elevated  concentrations  in  the  A  and  B 
Zone.  TCE  levels  above  MCLs  were  detected  in  only  one  C-Zone  well. 

The  presence  of  contamination  in  the  D  2^ne  and  E  Zone  monitoring 
wells  cannot  be  addressed  because  monitoring  wells  do  not  exist  in  those 
zones  within  OU  A.  The  low  level  of  C  Zone  contamination  suggests 
that  there  is  likely  little  or  no  deeper  zone  contamination. 

Cis-1,2-DCE,  PCE  and  1,2-DCA  plumes  have  been  identified  in  OU  A 
and  are  also  presented  in  Figures  4-50  to  Figure  4-56.  All  three 
contaminants  have  been  detected  in  the  A  and  B  Zones,  but  not  in  the  C 
Zone;  vertical  movement  of  these  contaminants  appears  to  be  limited. 
Cis-1,2-DCE  is  the  second  most  prevalent  contaminant  in  OU  A. 

Vertical  Extent  of  OU  A  Contamination 

Vertically,  the  TCE  concentrations  are  the  highest  in  Monitoring  Zone  A 
and  are  decreasing  in  Monitoring  Zones  B  and  C.  The  vertical  spacial 
distribution  of  the  prevalent  contaminants  is  presented  in  Figure  4-58. 
This  suggests  that  the  bulk  of  the  TCE  mass  is  still  in  Monitoring  Zone 
A  and  is  migrating  slowly  downward  toward  Monitoring  Zones  B,  C, 
and  D. 

Five  lithologic  cross  sections  cut  through  OU  A  have  been  prepared  and 
are  presented  in  Chapter  3.  Cross  Sections  1  through  5  are  presented  in 
Figures  3-2  through  3-8.  Cross  Sections  1,  2,  and  3  are  perpendicular  to 
groundwater  flow.  The  offbase  migration  of  contaminants  to  MW-1058 
and  MW-1067  in  the  A  Zone  and  MW-1()65  and  MW-1066  in  the  B 
Zone  is  observed  in  Cross  Sections  1  and  2.  Cross  Section  4  is  parallel 
to  groundwater  flow.  The  distribution  of  contamination  from  the  hot 
spots  (defined  by  MW- 172,  MW-209,  and  MW-224)  is  observed  in 
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Cross  Section  4.  Contamination  in  the  A  Zone  within  the  vicinity  of 
MW-172  has  migrated  to  the  B  Zone. 

Chemicals  less  strongly  sorbed  to  soil  than  TCE  are  cis-l,2-DCE  and 
1 ,2-DCA,  while  PCE  is  more  strongly  sorbed  to  soil  than  TCE  (see 
Section  4.3. 1).  The  observed  concentrations  of  1,2-DCA  and  cis-1,2- 
DCE  in  Monitoring  Zones  A,  B,  and  C  are  lower  than  TCE.  PCE 
concentrations  are  also  much  lower  compared  to  TCE.  This  indicates 
that  TCE  is  probably  the  most  abundant  contaminant  in  the  source  area 
contributing  mass  to  groundwater. 

Operable  Unit  B/C  Plume 

The  general  groundwater  flow  direction  in  OU  B/C  is  in  a  south  to 
southwest  direction;  however,  flow  appears  to  be  converging  toward 
active  production  Well  BW-18  in  that  area.  Groundwater  flow  may  also 
be  influenced  by  the  pumping  of  offbase  supply  wells  located  south  of  the 
Base  (Radian  Corporation,  1991). 

TCE,  cis-l,2-DCE,  1,2-DCA,  and  PCE  plumes  have  been  delineated  in 
OUs  B  and  C  to  form  the  OU  B/C  plume.  TCE  is  the  most  prevalent 
contaminant,  and  cis-l,2-DCE  is  the  second  most  prevalent  contaminant. 
In  the  A  Zone,  two  areas  of  elevated  TCE  concentrations  (above  500 
pg/l)  have  been  identified  in  OU  B  above  IC  1  and  IC  7.  MW-128, 
MW-33S,  and  MW-999  in  OU  C  near  Site  22,  have  measured  TCE  con¬ 
centrations  above  10,000  pg/1.  A  bum  pit/landfill  for  priority  pollutants 
was  located  at  Site  22.  In  the  B  and  C  Zone,  migration  of  contaminants 
in  the  north  area  of  the  plume  appears  limited  in  the  east-west  direction 
by  the  pumping  of  Extraction  Wells  EW-137,  EW-140,  EW-141,  and 
EW-144.  Basewide,  contaminants  appear  to  move  southward  toward 
BW-18. 


The  TCE  concentrations  are  the  highest  in  Monitoring  Zone  A  and  are 
lower  in  Monitoring  Zones  B,  C,  D,  and  E.  This  suggests  that  the  bulk 
of  the  TCE  plume  remains  in  Monitoring  Zone  A  and  is  slowly  moving 
downward. 

In  the  A  Zone  and  the  B  Zone,  the  main  body  of  the  OU  B/C  TCE 
plume  is  generally  bounded  with  confidence  on  the  north,  east,  and  south 
sides.  Hie  eastward  extent  of  contamination  along  the  runway  is 
unbounded.  The  extent  of  contamination  in  the  C  Zone  is  generally 
unbounded,  although  the  horizontal  extent  of  C  Zone  contamination  is  not 
expected  to  be  greater  than  the  A  and  B  Zone  extent  of  contamination. 
The  southern  extent  of  TCE  and  cis-l,2-DCE  from  MW-1049,  -1050, 
and  -1051  (in  the  A,  B,  and  C  Zone,  respectively)  is  unknown.  The  A, 
B,  and  C  Zones  (south  of  OU  B)  should  continue  to  be  monitored  due  to 
the  presence  of  municipal  water  supply  wells  in  that  area. 

Elevated  concentrations  of  PCE,  TCE,  cis-l,2-DCE,  and  1,2-DCA  are 
•  present  in  the  vicinity  of  IC  1  and  IC  7  of  OU  B,  forming  a  hot  spot  at 

this  location.  Sampling  of  MW-201,  located  just  downgradient  of  the  hot 
spot,  and  the  extraction  wells  screened  in  the  B  Zone  produced  TCE 
values  of  0.7  /tg/l.  Concentrations  of  cis-l,2-DCE  and  PCE  in  the  A 
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Zone  exhibit  significant  variation  spatially,  suggesting  that  EW-233  and 
EW-234  may  be  removing  contaminant  mass.  The  abundance  of  such 
contaminants  in  the  A  and  B  Zone  of  OU  B  indicates  either  a  common 
source  of  VOC  contamination  from  IC  1  and  IC  7  or  some  biodegrada¬ 
tion  of  TCE  in  the  subsurface  environment.  No  vinyl  chloride  has  been 
detected  in  this  region.  The  TCE  plume  is  bounded  with  confidence  on 
the  north,  east,  and  south  sides,  but  the  extent  is  not  known  on  the  west 
side. 

The  vertical  distribution  of  contaminants  in  OU  B/C  is  presented  in 
Figure  4-59.  Vertical  distribution  of  TCE  in  the  BCl,  BC2,  and  BC4 
cross  sections  indicate  that  the  bulk  of  TCE  is  still  in  the  A  zone  and 
there  is  some  contamination  in  the  B,  C,  and  D  zones.  Wells  located  on 
the  southeast  end  of  BC4  and  BC2,  and  screened  at  the  top  of  Monitoring 
Zoae  C,  contain  TCE  concentrations  above  MCLs.  This  suggests  that  in 
some  areas  of  the  B/C  plume,  contamination  has  migrated  from  the 
bottom  of  Monitoring  Zone  B  to  the  top  of  Monitoring  Zone  C.  Cross 
section  BC5  clearly  shows  TCE  and  cis-l,2-DCE  concentrations 
decreasing  with  depth,  with  the  highest  concentrations  in  the  A  zone 
decreasing  to  nondetect  in  deeper  zones.  Note  that  all  the  wells  in 
Section  BC5  are  within  100  feet  of  each  other. 

The  concentrations  of  the  prevalent  contaminants  in  D  and  E  2^ne  wells 
are  presented  in  Figure  4-56.  The  extent  of  contamination  was  not 
delineated  because  all  the  wells  are  oriented  in  the  north-south  direction, 
and  it  is  not  possible  to  delineate  or  estimate  the  east-west  extent.  Of  the 
ten  wells  located  in  the  deeper  zones,  four  have  measured  concentrations 
above  MCLs  and  greater  than  10"*  risk.  The  vertical  migration  of 
contaminants  may  be  attributed  to  the  strong  vertical  gradients  from  BW- 
18  pumping. 

Three  lithologic  cross  sections  are  cut  through  the  OU  B/C  Plume. 

Cross  Section  6  is  perpendicular  to  groundwater  flow  and  passes  through 
OU  B.  Cross  Section  7  is  parallel  to  groundwater  flow  and  passes 
through  OUs  B  and  C.  Cross  Section  8  is  oriented  north-south  and 
extends  from  OU  D  to  south  of  OU  C.  These  cross  sections  are 
presented  in  Chapter  3. 

The  impacts  of  the  water  level  decline  on  the  smear  zone  can  be 
observed  in  Cross  Section  6.  MW-158  and  MW-235  have  measured 
TCE  concentrations  at  467  figJl  and  9,500  pg/1,  respectively.  If  the 
water  table  continues  to  decline,  MW-158  and  MW-235  will  become 
"dry,"  and  a  smear  zone  of  elevated  VOC  concentrations  will  remain  in 
the  vadose  zone.  This  may  later  be  a  likely  place  for  a  vadose  zone 
remedial  action,  such  as  soil  vapor  extraction. 

The  representative  concentrations  of  TCE  in  the  monitoring  well  cluster 
MW-164,  MW-165,  and  MW-166  are  17  /ig/1,  125  ftg/l,  and  125  ;*g/l, 
respectively.  TCE  concentra  ions  in  MW-164  and  MW-165  have 
remained  constant  since  1989.  The  concentration  in  MW-166  is  actually 
an  average  of  fluctuating  concentrations  measured  from  November  1989 
to  August  1991  that  ranges  from  93  to  180  /tg/1.  Contamination  in  the  B 
and  C  Zone  wells  is  higher  than  in  the  A  Zone.  B  and  C  Zone  wells,  as 
well  as  D  Zone  wells,  should  continue  to  be  monitored  in  this  region  to 
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estimate  the  extent  of  deeper  zone  contamination.  Remedy  extraction 
wells  should  be  installed  in  this  region  to  contain  these  relatively  high 
TCE  concentrations. 

Operable  Unit  D  Plume 

In  the  OU  D  vicinity,  regional  groundwater  flow  is  to  the  south  and  the 
southwest.  Locally,  in  the  A  and  B  Zones,  groundwater  flows  towards 
the  six  OU  D  extraction  wells  which  are  currently  in  operation. 

The  OU  D  source  area  waste  pits  are  the  source  of  contamination  in 
OU  D.  High  concentrations  are  measured  directly  under  Sites  2,  3,  S, 

A,  S,  and  T.  TCE  concentrations  are  high  in  the  A  Zone  but  decrease 
sharply  in  the  B  Zone.  The  decrease  is  attributed  to  the  VOC  mass 
removal  by  the  extraction  wells.  No  C-Zone  monitoring  wells  exist  to 
discern  the  presence  of  C-Zone  contamination.  The  extraction  wells 
have  limited  the  vertical  migration  of  contaminants.  The  extent  of 
contamination  in  the  A  and  B  Zones  is  bounded  on  the  northwest,  west, 
south,  and  southwest  sides.  The  northeast  extent  is  unbounded. 

The  extraction  wells  in  OU  D  affect  the  local  groundwater  flow  direc¬ 
tions  as  well  as  contain  the  contaminant  plume.  The  cis-l,2-DCE,  PCE, 
and  1,2-DCA  plumes  coincide  with  the  TCE  plume  and  also  are  con¬ 
tained  in  a  localized  area  due  to  groundwater  extraction.  The  TCE 
plumes  presented  in  Figure  4-60  clearly  show  that  these  contaminants 
have  maximum  concentrations  in  Monitoring  Zone  A  and  have  low  con¬ 
centrations  at  depth.  TCE  concentrations  are  signiEcantly  higher  than 
those  of  the  other  chemicals  being  monitored.  This  indicates  that  TCE  is 
likely  the  major  component  of  the  vadose  zone  source  contributing 
contaminant  mass  to  groundwater. 

The  OU  D  source  areas  are  capped  with  asphalt  to  prevent  rainfall 
infiltration  and  continued  leaching  of  source  area  contaminants  to  the 
groundwater.  Vinyl  chloride  has  been  detected  in  the  OU  D  extraction 
wells  as  recently  as  June  1993.  As  discussed  in  Section  4.4.4, 
Biodegradation  Potential,  the  presence  of  vinyl  chloride  is  a  strong 
indicator  of  anaerobic  conditions  and  biodegradation.  The  cap  and  the 
extraction  wells  may  contribute  to  anaerobic  conditions. 

A  large  low  concentration  plume  is  located  in  the  A  Zone  to  the  south¬ 
west  of  OU  D.  It  is  defined  by  MW-10I9,  MW-I029,  and  MW-1 11. 
Contaminants  from  the  OU  D  source  areas  migrated  with  regional 
groundwater  flow,  which  was  historically  in  the  southwest  direction. 

This  offbase  plume  broke  off  from  the  main  source  area  plume  when  the 
OU  D  extraction  wells  were  put  into  operation.  This  area  should 
continue  to  be  monitored. 

Contamination  in  OUs  E,  F,  G,  and  H 

In  OUs  G  and  H,  TCE,  PCE,  and  cis-l,2-DCE  have  been  detected  in  the 
A  Zone;  TCE  and  PCE  have  been  detected  in  the  B  Zone;  and  only  TCE 
has  been  detected  in  the  C  Zone.  The  only  contaminant  detected  above 
MCLs  was  TCE  in  the  A  Zone.  Since  few  monitoring  wells  exist  in  this 
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area,  the  horizontal  extent  of  contamination  in  the  three  zones  is 
unknown.  The  IWL  is  believed  to  be  a  primary  source  of  contamination 
in  this  area.  Other  historical  base  activities  in  this  area  include  plating 
shops,  degreasing  and  wash  racks,  as  well  as  aircraft  ituuntenance 
facilities.  The  approximate  locations  of  PRLs  identified  by  the  SVE 
EE/CA  ate  presented  in  Figures  4-50  to  4-S6.  Groundwater  flow  in  this 
region  is  generally  southwest.  No  contaminants  were  detected  in  wells  in 
OUs  E  or  F. 

As  detailed  investigations  of  OUs  E,  F,  G,  and  H  are  performed,  the 
data  collected  will  be  incorporated  into  the  conceptual  model. - 
Information  regarding  source  areas,  the  industrial  waste  line,  and  the 
vadose  zone,  coupled  with  water  level  and  water  quality  data,  will  help 
delineate  the  extent  of  contamination  in  those  operable  units. 

4.6.6  Presence  of  Metals 

As  discussed  previously,  it  is  difficult  to  analyze  metals  concentrations  to 
develop  a  data  set  of  representative  current  conditions.  This  issue  would 
be  easily  resolved  by  establishing  a  uniform  sampling  protocol  to  ensure 
consistency  of  the  sampling  results.  At  a  minimum,  sampling  techniques 
such  as  filtering  and  purge  rates  should  be  standardized  and  documented 
in  the  field.  Monitoring  wells  Basewide  should  be  sampled  using  similar 
sampling  techniques  during  the  same  time  period  to  ensure  spacial  com¬ 
parability  of  data.  Background  metals  concentrations  must  be  established 
to  evaluate  the  impact  of  source  area  activities  on  the  groundwater 
system.  A  consensus  statement  for  background  metals  concentrations  in 
soils  has  already  been  prepared,  and  a  similar  document  for  groundwater 
metals  concentrations  should  be  prepared.  The  extent  of  metals  contam¬ 
ination  carmot  be  delineated  at  this  time  in  this  Interim  RI/FS.  Under¬ 
standing  of  the  presence  and  extent  of  metals  in  the  groundwater  is 
regarded  as  a  data  gap  for  the  following  reasons: 

•  A  variety  of  field  procedures  has  been  used. 

•  Background  metals  concentrations  have  not  been  established  for 
the  groundwater  beneath  McClellan  AFB. 

Filtered  and  unfiltered  metals  samples  have  been  collected,  but  the 
different  sampling  techniques  have  not  been  distinguished  in  the  data 
base.  McClellan  AFB  is  aware  of  the  findings  by  Puls  and  Powell 
(1992)  that  recommend  that  groundwater  metals  samples  be  unfiltered 
and  collected  by  low  purge  rates  and  pump  rates.  But  it  is  currently 
difficult  to  distinguish  between  unfiltered  samples,  filtered  sanqiles 
collected  at  high  flow  rates,  or  filtered  samples  collected  at  low  flow 
rates.  Hence,  when  elevated  metals  concentrations  are  measured,  it  is 
impossible  to  discern  if  the  elevated  concentrations  reflect  contamination 
as  a  result  of  McClellan  AFB’s  operations  or  are  elevated  because  the 
sample  was  unfiltered  and  collected  at  high  flow  rates.  Conversely,  if 
results  are  low  or  nondetect,  it  is  not  possible  to  distinguish  between  a 
filtered  sample  and  an  unfiltered  sample  collected  at  low  flow  rates. 
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The  times  series  of  metal  samples  fluctuates  considerably.  Elevated 
metals  concentration  in  groundwater  samples  can  be  attributed  to  at  least 
three  factors: 

•  Mineral  dissolution,  a  natural  occurrence,  from  which 
background  concentrations  are  established 

•  Turbidity,  which  is  the  result  of  poor  sampling  techniques,  i.e., 
high  purge  or  p’.unping  rates 

•  Contamination  from  historic  Base  activities  and  source  areas 

Figure  4-61  presents  the  time  series  plots  of  metals  concentrations  in 
selected  wells.  In  MW- 1000,  chromium  was  sampled  consistently  at 
nondetectable  levels  for  8  years,  but  then  was  detected  at  1,800  /tg/1  in 
January  1993.  In  MW-10,  aluminum  was  measured  at  4,300  /tg/1  in 
February  1990,  and  at  3,000  /ig/1  in  April  1992;  Samples  collected 
between  these  peaks  contained  between  0  and  19S  /tg/1.  It  is  unclear 
whether  the  peaks  are  the  result  of  true  metals  contamination,  or  due  to 
high  purge  and  pumping  rates  that  result  in  high  turbidity  unfiltered 
samples.  It  is  also  unclear  whether  the  low  results  are  due  to  low  levels 
of  contamination  in  unfiltered  samples  or  reflect  filtered  samples. 

Background  metals  concentrations  in  the  groundwater  have  not  been 
established.  It  is  not  possible  to  distinguish  between  the  presence  of 
metals  in  groundwater  that  results  from  mineral  dissolution  and  metals 
contamination  due  to  historical  base  activities.  MCLs  cannot  be  the  only 
criteria  by  which  the  groundwater  is  evaluated.  In  some  cases,  ground- 
water  may  exist  in  natural  conditions  higher  than  MCLs.  For  example, 
background  concentrations  for  the  Sacramento  Basin  for  arsenic  and 
manganese  have  been  recorded  as  high  as  120  /ig/1  (Johnston,  1985)  and 
2,300  /ig/1  (Fogelman,  1979),  respectively,  whereas  the  MCLs  of  both 
these  metals  is  50  /ig/1.  These  background  groundwater  concentrations 
for  the  Sacramento  Basin  have  not  been  accepted  for  the  groundwater 
beneath  McClellan  AFB. 

One  hundred  one  monitoring  and  extraction  wells  we-*;  sampled  during 
the  second  and  third  quarter  of  1993.  Forty-nine  were  located  in  the  A 
Zone,  35  in  the  B  2k>ne,  13  in  the  C  Zone,  and  4  in  the  D  and  E  Zones. 
The  most  recent  results  for  each  of  these  wells  are  presented  in  Figures 
4-62,  4-63,  4-64,  and  4-65.  The  distribution  of  metals  contamination  has 
not  been  delineated  for  two  reasons; 

■  Many  of  the  wells  that  were  sampled  were  sampled  near  source 
areas  resulting  from  historical  Base  activities. 

•  Since  background  metals  concentrations  have  not  been 
established,  it  is  impossible  to  distinguish  between 
minerals/metals  that  occur  naturally  in  the  groundwater  and 
metals  that  are  due  to  historical  Base  activities. 
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FIGURE  4-61 
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It  would  be  misleading  to  delineate  the  extent  of  contamination  from  the 
above  data  set,  since  most  of  the  wells  sampled  are  within  or  near 
historic  source  areas.  Very  few  wells  outside  of  these  locations  were 
sampled.  Examining  metals  concentrations  in  locations  just  around  the 
source  areas  may  lead  to  conclusions  about  the  location  of  elevated 
metals  concentrations  that  are  not  substantiated.  Once  sampling  protocols 
and  background  concentrations  are  established,  wells  ^ould  be  sampled 
Basewide  to  determine  the  areal  distribution  of  metals  concentration. 

At  this  time,  it  would  be  difficult  to  select  metals  concentrations  that  are 
representative  of  current  conditions.  Information  of  sampling  techniques 
should  be  assembled,  where  possible,  before  conclusions  as  to  the  nature 
and  extent  of  metals  contamination  can  be  made.  For  example,  in  the 
groundwater  and  monitoring  wells  in  McClellan  AFB,  thallium  has  been 
sampled  for  286  times  up  to  and  including  the  third  quarter  1993 
sampling  period.  It  has  only  been  detected  33  times.  Ten  of  those 
detections  were  measured  during  the  January  1993  sampling  in  MW- 
1000,  MW-236,  MW-1044,  MW-14,  MW-183,  MW-156,  MW-163, 
MW-57,  MW-75,  and  MW-76.  All  ten  of  these  wells  have  been  sampled 
at  least  five  times,  but  thallium  detects  were  measured  only  during  the 
January  1993  sampling  (MW-176  is  presented  in  Figure  4-61).  With  the 
current  lack  of  information  regarding  the  sampling  techniques,  it  would 
not  be  possible  to  conclude  if  the  thallium  detects  are  the  result  of 
unfiltered  high  pumping  rates,  or  reflect  actual  dissolved  concentrations 
in  the  groundwater.  If  the  concentrations  are  true,  it  would  not  be 
possible  to  distinguish  between  impacts  from  the  mineral  dissolution, 
turbidity,  or  impacts  from  source  area  contamination. 

Groimdwater  samples  are  currently  collected  at  McClellan  AFB  using  at 
least  five  different  methods.  These  methods  include; 

•  Pneumatic  purge  and  sampling  pump.  This  method  typically 
achieves  low  flow  rate.  It  is  used  on  shallow  wells  with  smaller 
well  volumes  of  groundwater. 

•  Submersible  pump.  This  method  typically  achieves  high  flow 
rate  and  consequently  high  turbidity.  It  is  used  op  deeper  wells 
well  with  large  well  volumes  of  groundwater. 

•  Dual  pumps:  submersible  purge  pump  with  pneumatic  sampling 
pump.  The  submersible  pump  extract  groundwater  at  high  flow 
rates  and  the  pneumatic  pump  collects  samples  at  lower  flow 
rates.  Generally  the  high  purge  rates  disturb  the  sediments;  this 
results  in  turbid  samples.  This  configuration  is  installed  in  MW- 
74  and  MW-76  in  OU  D. 

•  Purging  and  sampling  using  a  packer.  The  purge  volumes  are 
reduced  by  sealing  off  the  pumping  area.  Hence  low  purge  and 
pumping  rates  could  be  used  during  sample  collection. 

•  Bailing. 
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Mass  of  Contamination  and 
Target  Voiumes 


This  section  will  present  the  mass  of  the  prevalent  contaminants  by  zone 
and  by  OU  followed  by  a  presentation  of  the  target  volumes  used  for 
evaluation  of  the  remedial  action  alternatives.  The  extent  of 
contamination  and  the  mass  of  the  prevalent  contaminants  were  calculated 
and  target  volumes  were  delineated  and/or  calculated  to  quantify  the 
extent  of  VOC  contamination  in  the  groundwater.  These  calculations 
were  performed  on  the  data  set  presented  in  Section  4.6.1.  This  section 
will  present  the  VOC  mass  estimates,  followed  by  a  discussion  of  the 
target  voliune  development.  In  general,  more  mass  exists  in  the 
shallower  zones  than  in  the  deeper  zones.  However,  the  mass  and  extent 
of  contamination  varies  widely  between  different  target  volumes  and 
different  zones. 

Mass  Estimates 

The  mass  of  the  VOCs  of  concern  dissolved  in  the  groundwater  and 
sorbed  to  the  soil  matrix  was  estimated  based  on  the  data  set  discussed  in 
Section  4.6.1.  Table  4-13  summarizes  the  mass  of  TCE,  cis-l,2-DCE, 
1,2-DCA,  and  PCE  in  the  saturated  zone. 

TCE  is  the  most  prevalent  compound  both  in  tnass  and  by  contaminated 
aquifer  volume. 

The  volumes  in  which  the  contamination  is  present  were  determined 
using  isopleths,  which  were  based  on  a  linear  interpolation  of  contami¬ 
nant  contour  intervals  within  each  groundwater  zone.  The  assumptions 
made  and  calculations  performed  to  calculate  VOC  mass  are  presented  in 
Appendix  K,  VOC  Mass  Estimates.  Mass  of  contaminants  and  volume 
of  aquifer  were  calculated  for  the  following  concentration  intervals;  1,  5, 
10,  50,  100,  500,  1,000,  and  10,000  pg/1.  Figures  4-66,  4-67,  4-68, 
and  4-69  present  the  cumulative  mass  of  contaminant  versus  cumulative 
volume  of  aquifer  plots  for  TCE,  cis-l,2-DCE,  P*  1,2-DCA, 

respectively.  The  largest  rnass  of  contaminant  exi  ie  >  1,000  pg/1 
areas. 


The  following  assumptions  were  rtuide  in  determining  the  mass  of  con¬ 
taminants  and  the  volume  of  contaminated  aquifer: 

•  Total  Porosity  =  0.48 

•  100  percent  saturation 

•  Saturated  water  content  by  weight  =  0.34 

•  Dry  bulk  density  =  1 .4  g/cm’ 
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Cumulative  Mass  of  TCE  (kg) 


LEGEND 


Cumulative  Volume  (million  ft^ ) 


The  foflowing  TCE  isopleths  were  used  in  the 
summatian  of  cumulative  mass  and  cumulative  volume: 

— Totals:  1,000-10,000;500-1,000;100-500;s0-100:10-50;5-10;s-1;0.5-1 
-A-  AZone:  1.000-10,000;  500-1,000;  100-500;  50-100;  10-50;  5-10;  5-1;  0.5-1 
— BZone:  50-100;  10-50;  5-10;  1-5; 0.5-1 
CZone:  5-10;  1-5;  0.5-1 
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The  following  cis-1,2-DCE  isopleths  were  used  in  the 
summation  of  cumulative  mass  and  cumulative  volume: 

Totals:  50-100;  10-50;  5-10;  1-5;  0.5-1 
-A-  AZone:  50-100;  10-50,5-10;  1-5;  0.5-1 
-4-  BZdne:  5-10;  1-5; 0.5-1 
CZone:  5-10;  1-5; 0.5-1 
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The  following  1 ,2-DCA  isopleths  were  used  in  the 
summation  of  cumulative  mass  and  cumulativa  volume: 

— Totals:  50-100;  10-50;  5-10;  1-5;  0.5-1 
A  Zone:  50-100;  10-50;  5-10;  1-5;  0.5-1 
♦  B  Zone;  0.5-1 
— C  Zone;  0.5 
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Table  4-13 

Mass  of  Prevalent  Contaminants  and  Volume  of  Contaminated  Aquifer  By  Zone 

Groundwater  Operable  Unit 

Prevalent  Contaminants 

Zone 

Total 

Percent 
of  Total 
Mass 

A 

B 

C 

TCE 

Mass  (kg) 

7,900 

400 

170 

8,500 

Percent  of  TCE  Mass 

93 

4.7 

2.0 

96 

Volume  (million  ff*) 

2,200 

1,300 

4,000 

4,600 

Percent  of  Total  Volume 

48 

29 

23 

PCE 

Mass  (kg) 

760 

33 

0 

790 

Percent  of  PCE  Mass 

96 

4.0 

0 

2.7 

Volume  (million 

180 

250 

0 

420 

Percent  of  Total  Volume 

42 

58 

0 

cis-l,2-DCE 

Mass  (kg) 

170 

43 

34 

250 

Percent  of  cis-l,2-DCE  Mass 

69 

17 

14 

0.90 

Volume  (million  ft^ 

1,100 

510 

550 

2,200 

Percent  of  Total  Volume 

51 

23 

25 

1,2-DCA 

Mass  (kg) 

18 

9.5 

0.060 

27 

Percent  of  1,2-DCAMass 

65 

35 

0.00 

0.090 

Volume  (million 

130 

830 

8.6 

970 

Percent  of  Total  Volume 

13 

86 

1.0 

Total  Prevalent  Contaminant 

Mass  (kg) 

8,800 

490 

200 

9,500 

100 

•  Wet  bulk  density  =1.9  g/cm’ 

•  Fraction  of  organic  content,  f„,  =  0.0030 

•  Contaminants  in  solution  and  sorbed  to  soil  are  in 
equilibrium 

These  physical  parameters  were  either  analyzed  for  during  remedial 
investigations  in  OU  C  and  OU  D  or  calculated  from  field  sanq)ling 
results.  Saturated  water  content  (by  weight)  was  used  to  calculate  wet 
bulk  density.  The  data  set  previously  described  was  used  to  determine 
the  mass  of  subsurface  VOC  contamination.  Parameters  used  in  mass 
estimate  calculations  are  shown  in  Table  4-14. 
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Table  4-14 

Parameters  used  in  Mass  Estimate  Calculatioas 

VOC 

K.(ml/g) 

f.(%) 

K^fml/g) 

TCE 

126 

0.30 

0.38 

cis-l,2-DCE 

32 

0.30 

0.096 

1,2-DCA 

14 

0.30 

0.042 

PCE 

661 

0.30 

2.0 

1,1,1-TCA 

151 

0.30 

0.45 

1,1-DCE 

65 

0.30 

0.20 

Notes: 

1.  K,.  source:  U.S.  EPA,  1990. 

2.  K,  =  C  X  k. 

Target  Volume 

Target  volumes  were  defined  to  differentiate  between  the  areas  where 
immediate  remedial  action  is  necessary,  where  long-term  public  health  is 
threatened,  and  where  contaminant  concentrations  are  above  background 
levels.  By  identifying  these  areas,  alternatives  can  be  developed  to 
maximize  containment,  extraction,  and  treatment  effectiveness.  Four 
target  volumes  were  identified  based  on  concentration  and  risk  to  public 
health:  hot  spots,  MCLs,  risk,  and  backgroimd.  These  target  volumes 
are  presented  in  Figures  4-70,  4-71,  and  4-72.  The  generation  of  the 
data  set  that  these  target  volumes  were  created  from  has  been  discussed 
in  Section  4.6.1.  The  areas  of  the  four  target  volumes  are  presented  in 
Table  4-15.  The  following  paragraphs  describe  the  four  identified  target 
volumes. 


Table  4-15 

Areas  of  Target  Volumes 

Zone 

Hot  Spot 

MCL 

Risk 

Background 

acres 

sq  It 

acres 

sq  ft 

acres 

sq  ft 

acres 

sq  ft 

A 

25.84 

1,125,588 

663.92 

28,922,385 

966.45 

42,101,564 

1,570.29 

68,406,331 

B 

0.00 

0 

100.87 

4,394,208 

187.90 

8,185,615 

474.40 

20,666,275 

C 

0.00 

0 

52.28 

2,277,387 

127.84 

5,568,954 

306.28 

13,342,400 

Toul 

25.84 

1,125,588 

817.07 

35,593,980 

1,282.19 

55,856,133 

2,350.96 

102,415,006 

Hot  Spots 


The  hot  spot  target  volumes  are  defined  as  the  regions  where  VOC  con¬ 
centrations  are  greater  than  500  /i/l.  Cumulative  truss  versus  cumulative 
volume  shows  that  the  greatest  amount  of  nuss  is  located  in  the  areas  of 
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highest  concentration,  although  these  areas  are  small  in  volume.  In 
addition,  the  concentrations  from  these  hot  spots  were  significantly 
greater  than  from  the  other  target  volumes.  Aggressive  extraction  or 
innovative  technologies  will  be  implemented  in  the  hot  spx>t  volumes. 

Hot  spot  volumes  are  located  below  confirmed  source  areas,  suggesting 
that  contaminants  have  migrated  vertically  into  the  groundwater  by 
gravity  or  though  infiltration. 

Seven  hot  spot  volumes  have  been  identified  in  Zone  A:  two  in  OU  A, 
three  in  OU  B/C,  and  two  in  OU  D.  None  have  been  identified  in  any 
of  the  other  monitoring  zones.  The  potential  sources  of  the  seven  hot 
spots  are  listed  as  follows; 

•  The  northern  OU  A  hot  spot  was  delineated  by  MW-224 
and  MW-172  that  had  detected  TCE  at  14,000  ^g/1  and 
17,000  /ig/1,  respectively.  According  to  the  OU  A  PA 
Summary  Report  (Radian,  1990)  several  ^ills  from 
maintenance  operations,  and  IWL  and  underground  storage 
tank  leaks  have  occurred  in  this  region.  Contaminants  have 
been  detected  in  the  soils  in  this  area.  The  northern  OU  A 
hot  spot  may  be  the  result  of  these  activities. 

•  The  southern  OU  A  hot  spot  was  delineated  by  MW-209 
that  has  detected  TCE  at  3,000  /tg/1.  This  well  is  located 
near  SA  80  where  a  spill  had  occurred  (Radian,  1990). 
Other  sites  within  the  vicinity  of  this  well  have  detected 
contaminants  in  the  soil. 

•  The  two  OU  B  hot  spots  are  located  within  IC  1  and  IC  7. 
An  open  storage  area,  an  abandoned  plating  shop,  and  the 
abandoned  industrial  water  treatment  plant  and  a  portion  of 
the  IWL  comprise  IC  1 .  An  open  drainage  ditch,  an 
abandoned  industrial  waste  treatment  plant,  degreaseR  and 
solvent  spray  booths,  leaking  underground  tanks  and  drains, 
an  oil  and  storage  yard  and  portions  of  the  IWL  comprise 
IC7.  These  sites  are  the  probable  sources  of  the  hot  spots. 

•  The  OU  C  hot  spot  is  located  near  CS  22  and  CS  42  where 
priority  pollutants  have  been  landfilled  and/or  burned.  CS 
22  is  a  potential  site  for  a  cometabolic  treatability  study. 

•  The  two  OU  D  hot  spots  are  located  near  CS  2,  CS  5,  CS 
A,  CS  S  and  CS  T.  These  sites  were  discharge  and  bum 
pits  for  solvents,  sludges  and  other  maintenance  wastes. 
They  are  the  likely  source  of  the  OU  D  hot  spots. 

Wells  with  elevated  concentrations  of  the  prevalent  contaminants  were 
used  to  define  the  hot  spots.  In  all  wells,  if  1,2-DCA,  cis-l,2-DCE,  or 
PCE  were  detected  above  500  ^g/1,  TCE  was  also  detected  above  500 
Mg/l- 
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MCLs 


The  MCL  target  volume  is  defined  as  the  area  where  VOC  contaminants 
exist  above  their  MCLs.  Since  TCE  is  the  most  prevtdent  contaminant, 
in  most  areas  the  MCL  target  volume  is  delineated  where  TCE  is  greater 
than  or  equal  to  5  ^g/1.  In  some  areas,  the  MCL  target  volume  was 
defined  by  other  contaminants.  Ihe  A  Zone  OU  D  MCL  (and  conse¬ 
quently  the  risk  and  background)  target  volume  was  extended  further  east 
because  1,1-DCE  was  detected  at  210  /ig/1  in  MW-89.  The  MCL  of  1,1- 
DCE  is  6  ngl\.  The  sample-specific  risk  in  that  well  does  not  exceed 
10'*  because  1,1-DCE  is  a  not  a  carcinogen.  Although  TCE  was 
measured  at  only  2.2  /tg/l,  MW-228  was  included  in  the  A  Zone  OU  A 
MCL  target  volume  because  PCE  was  measured  at  30.5  /rg/l. 

Risk 

The  risk  target  volume  was  defined  as  the  area  where  total  cancer  risk  is 
greater  than  the  10'*  cancer  contour.  Risk  at  each  well  for  a  given 
sampling  event  was  calculated  by  sununing  the  risk  contributions  of  each 
VOC  detected  during  that  sampling  event.  Since  risk  is  cumulative  for 
all  VOC  contaminants,  in  some  cases  risk  exceeding  10*  existed  where 
TCE  or  other  prevalent  contaminants  were  not  detected  or  were  detected 
at  low  levels.  A  risk  target  volume  was  not  drawn  around  MW-1032; 
the  risk  was  due  to  an  elevated  methylene  chloride  concentration. 
Methylene  chloride  is  a  common  laboratory  contaminant. 

Background 

Concentrations  of  prevalent  contaminants  were  used  to  delineate  the 
background  target  volume.  In  areas  where  prevalent  contaminant 
concentrations  were  below  0.5  /tg/1,  but  risk  was  elevated,  the 
background  target  volume  was  extended  to  encompass  the  risk  target 
volume.  For  example,  in  MW-150  TCE,  cis-l,2-DCE,  and  1,2-DCA 
were  non-detect  while  PCE  was  measured  at  0. 1  /xg/1.  MW-150  was 
included  in  the  risk  and  background  target  volumes  because  risk  was 
calculated  to  be  greater  than  10*  due  to  elevated  concentrations  of  other 
VOCs.  The  northern  extent  of  the  A  Zone  OU  G  background  target 
volume  was  extended  to  MW-102  because  TCE  was  measured  at 
detectable  levels  MW- 103  (B  2^ne).  The  northern  extent  of  the  OU  G 
background  target  volumes  is  untx>unded.  MW-1005  was  not  included  in 
the  OU  D  background  target  volume;  TCE  was  last  sampled  for  at 
detectable  levels  in  January  1992.  It  has  since  gone  dry  and  was 
replaced  by  MW-1073,  which  measured  nondetect  for  all  VOCs  in 
October  1993. 

MCL  target  volumes  were  either  the  same  size  or  smaller  than  the  risk 
target  volumes  because  for  some  VOCs,  the  MCL  really  represents  the 
10'*  cancer  risk,  which  would  be  associated  with  higher  contaminant 
concentrations  than  the  10*  cancer  risk. 

Effects  of  Fourth  Quarter  1 993  Data  on  the  Target 
Volumes.  The  fourth  quarter  1993  data  were  consulted  to  determine 
how  the  most  current  data  would  affect  the  target  volumes.  In  some 
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areas,  incorporating  the  fourth  quarter  1993  data  results  in  larger  target 
volumes,  whereas  in  other  areas  the  target  volumes  would  shrink.  This 
generally  occurs  in  wells  along  the  borders  of  the  target  volumes.  Since 
these  volume  changes  are  the  result  of  contaminant  concentration 
fluctuations,  the  target  volumes  were  generally  delineated  using  the  more 
conservative  scenario.  The  fourth  quarter  1993  data  were  not  fully 
incorporated  in  to  the  data  set  because  they  were  not  available  in 
electronic  format  and  hence  sample-specific  risk  could  not  be  calculated 
from  the  fourth  quarter  1993  data.  Figures  4-70,  4-71,  and  4-72  are 
aimotated  with  discussions  on  how  the  target  volumes  would  change  with 
the  fourth  quarter  1993  data.  A  summary  of  those  changes  follows. 

Target  Volume  Increases 

•  A  Zone  OU  A  plume:  The  MCL  (and  consequently  the  risk 
and  background)  target  volume  in  the  eastern  portion  of  the 
A  Zone  OU  A  plume  was  extended  southward  because 
fourth  quarter  1993  data  revealed  that  MW-1058  and  MW- 
1067  contained  TCE  at  27  /ig/1  and  23  pig/l,  respectively. 

In  August  1993  TCE  was  sampled  in  MW-1058  and 
MW-1067  at  levels  of  0.7  /xg/l  and  1.4  pg/1,  respectively. 

•  A  Zone  OU  B/C  plume:  MW- 1054  was  included  in  the 
southwestern  portion  of  the  A  Zone  OU  B  MCL  target 
volume  because  fourth  quarter  1993  data  revealed  TCE  at 
8.4  ftg/l.  In  July  1993,  TCE  was  measured  in  MW-1054  as 
0.4  /tg/1. 

Target  Volume  Decreases 

•  A  Zone  OU  B/C  plume:  The  northern  extent  of  the  MCL 
plume  would  decrease  from  north  of  MW-44S  to  north  of 
MW-999.  In  the  data  set,  the  TCE  concentration  in  MW- 
44S  was  above  MCI.s;  in  the  fourth  quarter  1993,  TCE  was 
measured  below  MCLs  in  this  well. 

•  A  Zone  OUs  G  and  H  plume;  An  MCL  target  volume 
would  not  exist  using  the  fourth  quarter  data.  TCE  was 
detected  in  Wells  MW-194  and  MW-226  in  April  1993  at 
8.1  pg/1  and  7.5  ^g/1,  respectively;  in  fourth  quarter  1993, 

3  /ig/I  and  0.38  /ig/1,  respectively,  was  detected. 

•  C  Zone  OU  A  plume;  The  risk  and  MCL  target  volumes  in 
OU  A  would  be  eliminated  with  the  incorporation  of  the 
fourth  quarter  1993  result  of  non  detect  for  MW-180.  In 
the  previous  data  set,  TCE  was  detected  in  MW-180  at 
above  MCLs. 

Generally  for  wells  with  fluctuating  concentrations,  the  target  volume 
was  increased  based  on  fourth  quarter  results.  Target  volumes  were  not 
decreased  based  on  fourth  quarter  1993  results.  The  list  of  possible 
reductions  should  be  used  in  prioritizing  remedial  actions.  These  areas 
should  continue  to  be  monitored  before  commitment  to  a  specific 
remedial  action  is  made. 
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No  target  volumes  were  delineated  in  Monitoring  2^ne  C  of  OU  D 
because  no  OU  D  monitoring  wells  are  scieened  in  the  zones  deeper  than 
Monitoring  Zone  B.  This  does  not  necessarily  mean  that  contamination 
does  not  exist  deeper  than  the  B  zone.  The  delineation  of  the  target 
volumes  is  dependent  on  the  monitoring  well  network.  In  areas  where 
not  enough  monitoring  wells  exist  to  close  the  target  volumes,  source 
area  information  and  groundwater  flow  directions  were  examined  to 
determine  the  extent  of  contamination.  The  following  are  examples  of 
how  the  extent  of  the  target  volumes  in  Monitoring  Zone  A  were  defined 
in  regions  where  little  information  is  available: 

•  Few  monitoring  wells  exist  under  the  runway,  and  so  little 
water  quality  information  is  known  about  that  area.  Yet  it  is 
believed  that  there  are  no  sources  under  the  runway  and  that 
groundwater  flow  has  generally  been  in  the  southwesterly 
direction.  Therefore,  the  contaminants  in  the  OU  A  source 
areas  were  assumed  to  have  not  migrated  under  the  runway. 

•  Since  groundwater  flow  directions  have  generally  been  in 
the  southwesterly  direction,  contaminants  in  the  OU  D 
source  areas  have  migrateil  nearly  1  mile  offbase.  In  1988, 
when  the  OU  D  extraction  system  started  its  operation,  the 
plume  broke  off  into  two  sections.  The  break  in  the  target 
volumes  defines  the  extent  of  contaminant. 

•  The  source  of  contamination  of  the  background  target 
volume  at  the  northeast  section  of  the  Base  is  believed  to  be 
the  IWL.  Over  time,  the  leakage  from  the  IWL  has  merged 
into  one  low  contamination  plume.  If  the  IWL  were  not  a 
potential  source,  several  smaller  target  volumes  would  have 
been  delineated  with  OU-specific  activities  as  the  primary 
source  of  contamination. 

No  D  or  E  Zone  Target  Areas 

Target  areas  were  not  identified  in  the  D  and  F  zone  because  the  moni¬ 
toring  well  network  in  these  zones  is  not  dense  enough  to  delineate  an 
east  or  west  extent  of  contamination.  The  existing  wells  are  oriented  in  a 
north-south  line.  Current  sampling  indicates  that  contamination  is 
present  in  these  zones.  New  monitoring  wells  should  be  installed  to  the 
east  and  west  of  the  existing  wells  and  sampled  to  further  define  the 
lateral  extent  of  contamination. 


4.8  Future  Conditions 

Future  contaminant  aistributions  and  groundwater  flow  directions  can  be 
predicted  by  understanding  how  site  conditions,  source  areas, 
contaminant  transport  mechanisms,  and  physical  transport  mechanisms 
have  lead  to  the  current  groundwater  conditions.  This  section  will  iden¬ 
tify  data  gaps  and  areas  of  future  monitoring,  identify  trends  in  contami¬ 
nant  and  water  level  trends,  and  predict  future  conditions 
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Data  Gaps 


Spacial  and  temporal  holes  in  the  groundwater  database  are  data  gaps. 
Spacial  data  gaps  were  identified  by  examining  the  horizontal  and  vertical 
extent  of  contamination.  Areas  where  the  extent  is  not  bounded  (i.e., 
where  the  extent  cannot  be  delineated)  are  considered  spacial  data  gaps. 
Temporal  data  gaps  were  identified  as  time  periods  when  the  sampling  of 
wells  that  were  not  sampled  could  have  served  to  better  define  the  extent 
of  contamination. 

Between  1991  and  1993,  several  wells  were  not  sampled  through  GSAP. 
Sample  intervals  were  selected  based  primarily  on  the  wells’  past 
contaminant  concentration  histoiy  and  proximity  to  groundwater  plumes. 
Some  wells  were  not  sampled  because  results  measured  from  these  wells 
had  consistent  nondetect  VOC  results.  Spatial  and  temporal  data  gaps 
were  not  created  in  this  case.  Other  wells  had  VOC  results  above 
detectable  levels,  but  were  still  not  sampled.  Temporal  data  gaps  were 
created  from  not  sampling  these  wells  since  the  extent  of  contamination 
was  unbound  in  their  vicinity. 

The  vertical  extent  of  contamination  in  the  60-  to  90-foot  region  between 
the  bottom  of  Monitoring  Zones  A  and  B  is  not  well  defined  because  few 
wells  are  screened  in  that  area.  Monitoring  Zone  A  wells  are  typically 
screened  at  the  bottom  of  the  A  zone,  and  Monitoring  Zone  B  well  are 
typically  screened  at  the  bottom  of  the  B  zone.  The  average  screen 
interval  of  an  A-zone  well  is  located  -35  to  -47  feet  msl,  whereas  the 
average  screen  mterval  of  a  B-zone  well  is  located  -90  to  -100  feet  msl. 
Therefore,  the  A-zone  contamination  appears  considerably  higher  than 
the  B-zone  contamination  because  of  the  large  unsampled  vertical  dis¬ 
tance  between  the  screened  intervals.  For  example,  the  average  OU  A 
A-zone  TCE  concentration  is  greater  than  1 ,000  fig/l,  yet  the  average  B- 
zone  TCE  concentration  is  less  than  20  The  top  of  the  A  Zone  is 
not  accounted  for  in  the  same  manner  as  the  top  of  the  B  Zone.  Water 
levels  have  declined  Basewide,  leaving  a  shallow  A  Zone  with  approxi¬ 
mately  10-feet  thickness  in  OU  A  and  a  thickness  of  no  more  than  40  to 
SO  feet  in  OUs  B,  C,  and  D.  The  regions  between  the  bottom  of  the 
A  zone  and  the  bottom  of  the  B  zone  should  be  sampled  to  monitor  the 
vertical  migration  of  contaminants  and  to  delineate  the  vertical  extent  of 
contamination.  During  the  installation  of  new  monitoring  wells,  vertical 
hydropunching  should  be  performed  to  determine  a  vertical  contaminant 
profile  and  to  optimize  the  placement  of  screened  intervals. 

'Hiis  section  identifies,  by  Operable  Unit,  areas  where  data  gaps  exist 
either  because  monitoring  wells  are  not  present  laterally  or  vertically,  or 
because  existing  wells  were  not  sampled  within  the  last  2  years  and 
consequently  the  current  extent  of  contamination  is  undefinable.  Water 
quality  data  gaps  can  be  resolved  with  the  installation  of  new  wells  or  by 
performing  vertical  profiling.  Refer  to  Figures  4-43  TO  4-46  for  current 
well  locations  and  most  recent  sampling  information.  Locations  of  new 
monitoring  wells,  necessary  to  measure  water  quality  and  monitor 
hydraulic  control,  are  presented  in  Chapter  7,  Data  Collection  and 
Management.  These  locations  were  selected  to  further  define  the  MCL, 
risk,  and  background  target  areas. 
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Operable  Unit  A 


The  following  paragraphs  summarize  the  areas  in  the  A  and  B  zones 
where  spacial  data  gaps  (where  additional  wells  are  needed)  and  temporal 
data  gaps  (where  additional  sampling  of  existing  wells  may  be  needed) 
exist. 

North  and  Northwest  of  A-  and  B-Zone  Contamina¬ 
tion  .  The  extent  of  contamination  in  the  north  and  northwest  sides  of 
the  OU  A  plume  in  the  A  and  B  zones  could  be  better  defined  with  the 
installation  and  sampling  of  wells  in  those  regions.  Several  of  the  outer¬ 
most  wells  have  detected  contamination  above  background  levels. 

Offbase  Migration  to  the  Southeast.  Tiie  extent  of  A-zone 
offbase  migration  could  be  further  delineated  with  the  installation  and 
sampling  of  offbase  wells  on  the  southeast  side  of  the  OU  A  plume. 

B  Zone  Underneath  Hot  Spots.  Hie  B-zone  areas  underneath 
the  A-zone  hot  spots  should  be  sampled  to  monitor  the  potential  down¬ 
ward  migration  of  contaminants  from  these  highly  concentrated  areas. 
MW-173  should  be  added  to  the  monitoring  program.  It  is  located 
directly  underneath  an  A-zone  hot  spot.  Concentrations  in  this  well  have 
generally  been  increasing  with  time;  it  was  last  sampled  in  1991  at  levels 
considerably  higher  than  MCLs. 

Operable  Units  B  and  C 

The  following  paragraphs  describe  the  areas  where  spacial  and  temporal 
data  gaps  exist  in  OUs  B  and  C; 

East  Extent  of  A-Zone  Contamination.  The  extent  of  con¬ 
tamination  in  the  A  zone  along  the  east  side  of  the  OU  B/C  plume  could 
be  better  delineated  with  the  installation  and  sampling  of  wells  in  that 
region.  MW-61,  one  of  the  easternmost  wells  in  the  central  section  of 
the  plume,  was  sampled  in  1993  with  results  above  MCLs. 

Northern  Extent  of  the  C-Zone  Contamination.  At  least 

one  well  should  be  installed  between  EW-144  and  MW-T90  to  determine 
the  northern  extent  of  contamination  in  the  C  zone. 

Southeast  and  Southern  Extent  of  C-Zone  Contamina¬ 
tion.  Wells  should  be  Lisialled  in  southeastern  and  southern  portions  of 
OU  B/C  to  attempt  to  close  the  risk  and  background  target  areas  and  to 
monitor  offbase  migration  to  the  city  wells  and  the  Caltrans  wells. 

East  and  West  Extent  of  D-  and  E-Zone  Contamina¬ 
tion.  The  wells  that  are  currently  in  the  D  and  E  zones  are  oriented 
north  to  south.  The  east  and  west  extent  of  contamination  in  the  D  and 
E  zones  would  be  better  defined  with  the  installation  and  sampling  of 
wells  on  the  east  and  west  sides  of  existing  wells  in  the  D  and  E  zones. 
The  extent  of  vertical  hydraulic  control  could  also  be  monitored  with  the 
installation  of  additional  wells  if  they  are  located  near  an  existing  C-Zone 
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well.  MW-141.  MW-162,  MW-163,  and  MW-167  have  been  sampled 
between  1992  and  1993  and  have  had  measured  conc«itrations  above 
MCLs.  These  wells  should  continue  to  be  sampled  for  VOCs  to  monitor 
the  downward  migration  of  contamination. 

Operable  Unit  D 

The  following  paragraphs  describe  areas  in  OU  D  where  spacial  and 
temporal  data  gaps  exist: 

Northeastern  Extent  of  A-Zone  Contamination.  The 

northeastern  extent  of  the  OU  D  plume  could  be  better  defined  with  the 
installation  and  sampling  of  wells  in  that  region. 

Southern  Extent  of  the  B-Zone  Contamination.  The 

southern  extent  of  contamination  could  be  further  delineated  with  the 
installation  and  sampling  of  at  least  one  monitoring  well  south  of 
MW-19D.  This  well  could  also  serve  to  determine  the  extent  of  hydrau¬ 
lic  influence  of  the  OU  D  extraction  wells. 

Downward  Migration  into  C  and  D  Zones.  There  are  no 
target  areas  in  the  C  and  D  zones  of  OU  D  because  no  monitoring  wells 
are  screened  in  these  zones.  Deeper  monitoring  wells  should  be  installed 
to  monitor  the  downward  migration  of  contaminants  and  to  monitor  the 
effectiveness  of  the  OU  D  extraction  wells. 

Data  Trends 

VOC  concentrations  and  water  levels  have  been  measured  from  the  Base 
monitoring  wells  since  the  early  1980s.  Several  remedial  actions  have 
been  put  into  place  since  monitoring  began.  These  remedial  actions 
include  the  excavation  of  source  pits;  the  capping  of  source  pits;  the 
installation  and  operation  of  the  OU  B,  OU  C  and  OU  D  extraction 
wells;  and  the  discoimection  of  residents  from  groundwater  sources  and 
reconnection  to  city  water.  Along  with  groundwater  flow  due  to  Base 
and  regional  pumping,  and  natural  attenuation,  these  remedial  actions 
have  contributed  to  the  change  in  concentrations  at  the  wells  over  the 
monitoring  period. 

This  section  will  first  discuss  in  generalities  how  the  concentrations  of 
VOCs  of  concern  have  been  changing  with  time.  Following  that  discus¬ 
sion,  the  concentration  trends  of  Basewide  wells  will  be  presented. 

Generally,  the  concentrations  of  the  VOCs  of  concern  have  decreased 
with  time,  whereas  the  number  of  wells  sampled  that  have  detected  these 
VOCs  has  increased  with  time.  (Figure  4-42  shows  how  the  frequency 
of  detects  for  selected  VOCs  has  increased  with  time,  whereas  the  mean 
concentrations  have  decreased  with  time.)  For  most  contaminants,  the 
frequency  of  detections  has  been  increasing  with  time,  but  their 
maximum  and  mean  concentrations  have  been  decreasing.  This  may  be 
the  result  of  the  following; 
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•  Because  of  regional,  Base,  and  extraction  well  pumpage, 
contaminant  plumes  have  been  migrating. 

•  Contaminant  mass  has  been  removed  by  extraction  wells 
installed  for  remedial  actions. 

•  Several  wells  that  have  been  sampled  consistently  at  non- 
detect  levels  have  been  dropped  from  the  monitoring 
program. 

•  New  wells  have  been  added  to  the  program  to  further  define 
the  plumes.  This  has  led  to  the  addition  of  numerous  wells 
in  areas  with  relatively  low  levels  of  groundwater 
contamination. 

Hence,  compounds  have  been  detected  in  more  sampled  wells,  but  at 
lower  concentrations. 

TCE  is  the  most  prevalent  VOC  of  concern  both  in  number  of  detects 
and  in  mass  of  contaminant.  TCE  time  series  were  examined  to 
determine  the  general  data  trend  of  wells  in  various  parts  of  the  Base. 

The  following  trend  analysis,  observations,  and  conclusions  were  made: 

•  Monitoring  wells  in  close  proximity  to  the  extraction  wells 
generally  experience  a  slight  increase  in  concentrations 
when  the  neighboring  extraction  well  begins  pumping.  This 
increase  is  followed  by  a  decrease  in  concentrations.  This 
trend  is  observed  in  wells  near  the  OUs  B,  C,  and  D  extrac¬ 
tion  wells.  Figure  4-73  show  how  concentrations  in  MW- 
41S,  MW-136,  and  MW-10  all  experience  slight  increases 
and  then  decreases  in  concentrations  related  to  the  extraction 
well  operations.  This  may  be  due  to  increased  concentra¬ 
tion  gradients  from  increased  groundwater  flow.  Contami¬ 
nants  that  were  sorbed  to  the  soil  matrix  or  trapped  in 
immobile  pores  were  mobilized  by  increased  concentration 
gradients  and  extracted  by  the  extraction  wells. 

•  If  TCE  is  detected  in  offbase  monitoring  wells,  the 
concentrations  generally  fluctuate  between  background  and 
MCLs.  In  some  wells,  concentrations  eventually  drop  to 
nondetectable  levels  because  of  flushing  and  dilution  and/or 
natural  attenuation.  Figure  4-74  presents  the  TCE  time 
series  plots  of  offbase  wells  MW-1019,  MW-1032,  MW- 
1036,  MW-1053,  MW-1056,  and  MW-1067.  There  are 
also  several  offbase  wells  that  have  consistently  shown  non- 
detect  levels  of  TCE  contamination. 

•  Monitoring  wells  that  are  screened  within  the  source  areas 
do  not  experience  a  sharp  decline  in  TCE  concentrations 
after  extraction  wells  are  put  into  operation.  This  may  be 
due  to  the  presence  of  DNAPLs  in  the  source  areas  or  a 
large  mass  of  contamination  adsorbed  to  the  aquifer 
materials,  or  both.  Concentration  gradients  are  induced  by 
groundwater  extraction  that  drives  adsorbed  mass  into  the 
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groundwater  or  induces  DNAPLs  to  dissolve  into  ground- 
water  and  replace  the  aqueous-phase  contamination  removed 
by  the  extraction  wells.  Time  series  plots  of  A-zone 
monitoring  wells  screened  directly  through  the  source  areas 
are  presented  in  Figure  4-75. 

•  In  areas  of  the  A  zone,  where  extraction  wells  do  not  exist, 
there  appears  to  be  vertical  downward  migration  of  contami¬ 
nation  from  the  A-zone  hot  spot  areas  to  the  B  zone.  The 
time  series  plots  for  the  A-zone/B-zone  clusters  of  MW- 
172/MW-173  and  MW-224/MW-225  in  Figure  4-76  show 
that  B-zone  contaminant  concentrations  are  increasing  with 
time.  This  slow  but  steady  vertical  migration  is  due  to 
downward  vertical  gradients  induced  by  regional  and 
municipal  pumpage  in  vicinity  of  the  Base. 

•  The  concentrations  of  vinyl  chloride  in  OU  D  monitoring 
wells  have  dropped  significantly  to  nondetectable  levels 
since  the  operation  of  the  OU  D  extraction  ^stem.  Figure 
4-77  presents  the  vinyl  chloride  time  series  of  MW-10  and 
MW-54  as  well  as  EW-73  and  EW-83.  Vinyl  chloride  has 
not  been  detected  in  any  monitoring  wells  since  April  1990. 

Contaminant  Trend  Analysis 

A  trend  analysis  of  VOC  contamination  in  groundwater  was  performed 
using  the  monitoring  data  collected  from  1986  to  1993.  This  trend 
analysis  was  used  to  identify  areas  of  the  site  where  uncertainties  in 
groundwater  contaminant  concentrations  may  exist,  and  to  aid  in 
characterizing  the  relationships  between  contaminant  sources  in  soil  and 
contaminant  concentrations  in  groundwater.  The  trend  analysis  identified 
wells  where  contaminant  concentrations  were  increasing  over  time, 
decreasing,  remaining  static,  or  exhibited  "boundary”  characteristics. 
Boundary  wells  were  those  where  contaminant  concentrations  fluctuated 
over  time.  There  may  be  different  reasons  for  these  fluctuations,  such  as 
changes  in  contaminant  concentrations  in  response  to  changing  flow 
directions  and  water  levels,  or  high  variability  in  sampling  and  analytical 
QA/QC.  Fluctuations  in  contaminant  trends  in  some  wells  may  be 
anomalous,  or  not  clearly  understandable,  given  the  current  knowledge  in 
site  conditions. 

The  trend  analysis  summarizes  observations  of  contaminant  trends  over 
time,  but  does  not  directly  provide  a  rationale  that  explains  those  trends. 
However,  the  trend  analysis  aids  in  identifying  wells  or  areas  at  the  Base 
where  obtaining  a  better  understanding  of  contaminant  fate  and  transport, 
and  contaminant  spatial  distribution,  would  contribute  to  a  refined 
estimate  of  the  extent  of  the  target  volumes  for  remediation.  In  particu¬ 
lar,  wells  identified  as  boundary  wells  in  the  trend  analysis  contribute 
significantly  to  the  uncertainty  in  the  estimated  target  volumes.  Col¬ 
lection  of  additional  data  from  these  wells  could  result  in  a  reduction  in 
the  extent  of  the  target  volumes. 
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For  purposes  of  the  trend  analysis,  contaminant  concentrations  were  first 
converted  to  estimates  of  increased  lifetime  cancer  risk  using  risk 
assessment  methods.  This  was  done  to  simplify  the  analysis  of  trends  in 
wells  with  multiple  contaminants.  The  risk  assessment  methodology  and 
the  rationale  for  using  increased  lifetime  cancer  risk  as  an  indicator  of 
the  magnitude  of  contaminant  impacts  to  groundwater  are  presented  in 
the  risk  assessment,  Appendix  B.  Plots  of  the  trends  of  risk  over  time 
for  each  well  are  provided  as  an  attachment  to  the  risk  assessment. 

Trends  for  the  wells  at  the  Base  are  presented  in  Figures  4-78  through 
4-81. 

Trends  in  Monitoring  Zone  A 

As  shown  in  Figure  4-78,  most  of  the  A-Zone  wells  within  OUs  A  and  B 
exhibit  little  change  in  groundwater  concentrations  over  time.  Wells 
where  groundwater  concentrations  increase  over  time  indicate 
contaminant  releases  to  groundwater  in  the  A  zone  in  OU  A.  There  does 
not  appear  to  be  a  consistent  pattern  of  trends  in  OU  B  wells  in  the  A 
zone.  This  suggests  a  complex  pattern  of  contaminant  releases  and 
groundwater  extraction  within  OU  B,  resulting  in  wells  with  increasing 
trends  in  proximity  to  wells  with  no  consistent  or  decreasing  trends.  As 
in  OUs  A  and  B,  the  largest  proportion  of  A-zone  wells  within  OU  C 
exhibit  no  consistent  trends.  Compared  with  OU  B,  a  larger  proportion 
of  OU  C  wells  in  the  A  zone  exhibit  increasing  trends,  suggesting 
continuing  contaminant  releases  to  the  A  zone.  In  other  words,  it  is 
reasonable  to  predict  that  contaminant  impacts  to  groundwater  could 
increase  over  time  in  OUs  A  and  C,  though  the  magnitude  of  those 
impacts  is  greater  in  OU  A,  as  shown  in  the  risk  assessment  in  Chapter 
3.  Contaminant  trends  in  OU  D  generally  are  decreasing  over  time  in 
the  A  zone. 

Trends  in  Monitoring  Zones  B  through  D 

Trends  within  the  B-zone  generally  show  fluctuations  in  concentrations. 
The  largest  uncertainties  in  contaminant  trends  are  in  B-zone  wells  within 
OUs  A,  B,  and  D.  The  large  proportion  of  wells  with  no  consistent 
trends  suggests  that  groundwater  impacts  within  the  deeper  monitoring 
zones  are  relatively  localized.  One  reasonable  explanation,  as  suggested 
by  DTSC,  is  that  several  deeper  wells  have  incompetent  annular  seals 
that  leak  and  allow  shallow  contaminated  groundwater  to  migrate  down 
to  deeper  zones  along  the  well  aimulus.  Within  the  C  zone,  there  are 
more  wells  with  increasing  trends  compared  with  B-zone  wells.  For  OU 
C,  this  could  be  due  to  contaminant  migraiion  from  sources  within 
OU  D,  rather  than  vertical  migration  from  shallower  zones  within  OU  C. 
D-zone  wells  within  OU  B  show  significant  uncertainty  in  contaminant 
trends.  D-zone  wells  within  OU  C  generally  show  no  consistent  or 
decreasing  trends  in  concentration  in  groundwater. 

Future  Conditions 

This  section  discusses  the  future  conditions  that  will  develop  regarding 
the  distribution  of  contamination  if  no  remedial  action  is  implemented  at 
the  Base.  These  conclusions  are  based  on  a  No-Action  Alternative  simu- 
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lation  performed  using  the  groundwater  flow  model  (Chapter  8).  BW-18 
was  assumed  to  be  abandoned  in  this  simulation  as  the  agencies  have 
stated  their  concern  that  it  is  a  potential  conduit  for  contamination  to 
move  into  deeper  zones  and  that  it  should  be  abandoned.  In  actuality, 
BW-18  will  be  in  operation  until  1997  or  1998.  BW-i8  will  not  be 
decommissioned  until  adequate  remedy  extraction  wells  are  in  operation 
to  prevent  offbase  migration  of  the  southern  section  of  the  OU  B/C 
plume. 

The  groundwater  flow  simulations  indicate  that  groundwater  in  Monitor¬ 
ing  Zones  A,  B,  and  C  will  move  south  to  southwesterly  if  no  remedial 
action  is  implemented.  A  downward  gradient  will  also  prevail  between 
all  of  the  monitoring  zones  at  the  Base  except  in  areas  of  existing  shallow 
extraction.  The  result  of  these  hydrologic  conditions  is  that  contamina¬ 
tion  currently  residing  at  OU  A  and  B/C  will  move  south/southwest 
toward  the  municipal  production  wells  located  south  of  the  Base.  The 
predominant  downward  gradient  will  also  continue  to  move 
contamination  downward  into  deeper  units  as  the  plume  travels  south¬ 
westerly.  Although  contamination  in  the  background  target  volume 
below  O.SS  figlX  will  arrive  at  the  municipal  wells  in  a  fairly  short 
amount  of  time,  higher  concentrations  of  contaminants  in  the  risk  and 
MCL  target  volumes  have  a  relatively  long  distance  remaining  to  travel 
and  will  not  reach  municipal  wells  for  a  decade  or  more.  Finally,  most 
of  the  contamination  at  OU  D  is  currently  contained  by  the  existing 
extraction  system,  and  only  low  concentrations  of  contaminants  are 
expected  to  migrate  away  from  that  OU. 
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Contours  basod  on  January  1993  Water  Levels. 
Data  available  on  Figures  4-35, 4-36,  and  4-37. 
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Chapter  5 

Risk  Assessment  and  ARARs 


5.1  Purpose  of  the  Risk  Assessment 

The  risk  assessment  addresses  two  primary  needs  in  the  RI/FS.  First,  it 
provides  some  of  the  necessary  mterpretations  and  calculations  to  support 
the  development  of  target  volumes  for  remedial  actions.  Target  volumes 
represent  volumes  of  groundwater  with  contaminants  that  could  pose 
unacceptable  risks  to  users  should  that  water  be  used.  Target  volumes 
are  then  used  in  the  development  of  remedial  action  alternatives. 

Second,  it  addresses  the  requirement  for  a  baseline  risk  assessment  in  an 
RI/FS,  as  required  by  the  NCP  (40  CFR  300.430  (d)(1)).  The  primary 
purpose  of  the  baseline  risk  assessment  is  to  provide  risk  managers  with 
an  understanding  of  the  actual  and  potential  risks  to  human  health  and  the 
environment  posed  by  a  site  and  any  uncertainties  associated  with  the 
assessment.  This  information  may  be  useful  in  determining  whether  a 
current  or  potential  threat  to  human  health  or  the  enviroiunent  exists  that 
warrants  remedial  action  (U.S.  EPA,  1990;  U.S.  EPA,  1991).  This 
chapter  presents  a  summary  of  the  risk  assessment  methodology  and 
findings.  A  more  detailed  presentation  of  the  risk  assessment  can  be 
found  in  Appendix  B,  Risk  Assessment  Methodology. 

Response  actions  performed  by  McClellan  AFB  have  reduced  the  likeli¬ 
hood  that  contaminated  groundwater  is  being  used  in  and  around  the 
Base.  Therefore,  there  probably  are  no  exposure  pathways  to  human 
populations  from  groundwater  contamination,  based  on  the  existing 
understanding  of  site  conditions.  However,  this  understanding  is  not 
complete.  In  particular,  the  lateral  and  vertical  extent  of  contamination 
in  OU  A  is  inadequately  defined.  Contamination  may  extend  offbase  and 
is  a  potential  threat  to  nearby  municipal  and  industrial  supply  wells.  No 
remedial  action  is  in  place  in  OU  A  for  controlling  potential  exposures  to 
groundwater  contaminants.  Also,  it  is  uncertain  if  risks  could  increase 
with  future  use  of  groundwater.  For  example,  there  are  few  institutional 
controls  on  placement  of  a  private  domestic  well  within  a  contaminated 
aquifer.  There  are,  however,  several  regulatory  constraints  prohibiting  a 
municipal  water  purveyor  from  providing  contaminated  groundwater. 

Completed  pathways  of  exposure  from  groundwater  contaminants  to 
human  populations  (both  onbase  and  offbase)  may  have  existed  in  the 
past.  Groundwater  contaminant  levels  representing  potential  exposure 
concentrations  may  have  been  greater  in  the  past  than  under  existing 
conditions.  The  potential  for  adverse  health  effects  associated  with  past 
exposures  have  been  evaluated  in  a  Health  Assessment  prepared  by  the 
Agency  for  Toxic  Substances  and  Disease  Registry  (ATSDR).  In  prep¬ 
aration  of  the  Health  Assessment,  ATSDR  collected  and  reviewed  rele¬ 
vant  health  and  environmental  data  for  activities  across  the  entire  Base 
(ATSDR,  1993).  The  findings  from  the  Health  Assessment  have  bemi 
addressed  in  this  risk  assessment  using  additional  information  collected 
during  the  RI/FS. 
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For  calculating  target  volumes  based  on  health  risks,  the  risk  assessment 
has  used  the  assunq>tion  that  residential  use  of  groundwater  and  residen¬ 
tial  exposure  pathways  (ingestion  or  inhalation  of  VOCs)  and  dermal 
contact  with  groundwater)  were  possible  at  any  location  within  the  con¬ 
taminant  plumes,  regardless  of  the  constraints  on  groimdwater  use  or 
reasonable  consideration  of  the  pathways  of  exposure.  It  must  be 
strongly  en^hasized  that  niunerical  estimates  of  health  risks  used  to 
support  development  of  target  volumes  do  not  reflect  the  magnitude  of 
potential  health  risks  to  the  surrounding  public,  but  simply  represent  a 
convoiiait  method  for  characterizing  the  tudure  and  extent  of  ground- 
water  contamination  within  a  standardized  public  health  context.  This 
means  that  differ«tt  ^pes  and  concentrations  of  contaminants  can  be 
standardized  in  terms  of  exposure  and  toxicity  to  allow  conqiarison  of 
groundwater  contanunation  in  different  areas  and  to  assist  in  setting 
priorities.  For  example,  risk  assessment  can  be  used  to  con^are  rela¬ 
tively  higher  concentrations  of  a  lower  toxicity  substance  such  as  TCE 
along  with  relatively  lower  concentrations  of  a  higher  toxicity  substance 
such  as  vinyl  chloride. 


5.2  Approach  to  Risk  Assessment 

This  baseline  risk  assessment  was  based  on  exposure  scenarios  that  esti¬ 
mated  the  reasonable  maximum  exposure  (RME).  The  RME  is  defined 
as  the  highest  exposure  that  is  reasonably  expected  to  occur  at  a  site. 
RMEs  are  estimated  for  individual  exposure  pathways.  If  a  population  is 
exposed  by  way  of  more  than  one  pathway,  the  combination  of  exposures 
across  pathways  must  also  represent  an  RME.  The  intmt  of  the  RME  is 
to  develop  a  conservative  estimate  of  exposure  (i.e.,  well  above  the 
average  case)  that  is  still  within  the  range  of  possible  exposures  (U.S. 
EPA,  1989). 

The  elements  of  the  risk  assessment  are  as  follows; 

•  IdentiEcaUon  of  the  contaminants  of  potential  concern 
(COPCs) 

•  Exposure  assessment 

•  Toxicity  assessment 

•  Risk  characterization 

These  elements  are  pres<mted  in  Figure  5-1.  The  exposure  scenarios 
evaluated  in  the  riric  assessm^it  fall  into  two  categories:  currmt  and 
potmtial  future  pathways  of  exposure  to  groundwater  contaminants  idoi- 
rified  from  existing  information,  and  a  hypothetical  future  exposure 
scoiario  that  assumes  complete  exposure  pathways  to  groundwater  con¬ 
taminants.  The  current  and  potoitial  future  pathways  of  exposure  were 
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Data  Collection  and  Evaluation 


•  Gather  and  analyze 
relevant  site  data 

•  Identify  potential 
contaminants  of  concern 


Exposure  Assessment 


Toxicity  Assessment 


Analyze  contaminant  releases 

Identify  exposed  populations 

Identify  potential  exposure 
pathway 


Collect  qualitative  and 
quantitative  toxicity 
information 

Determine  appropriate  toxicity 
values 


•  Estimate  exposure 

concentrations  for  pathways 


•  Estimate  contaminant  intake 
for  pathways 


•  Evaluate  uncertainty 


•  Summarize  risk  information 
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evaluated  for  comparison  with  the  findings  from  the  Health  Assessment. 
The  hypothetical  scenario  was  used  to  develop  risk-based  target  volumes. 

COPCs  consist  of  any  contaminant  detected  in  groundwater  with  avail¬ 
able  U.S.  EPA  or  Cal-EPA  toxicity  criteria.  As  described  below,  health 
risks  were  characterized  for  each  detected  parameter  in  each  sample 
collected  betweoi  1986  and  1993.  These  sample-specific  risk  calcula¬ 
tions  were  used  for  developing  risk-based  target  volumes. 

Exposure  refers  to  the  potential  contact  of  an  individual  with  a  chemical. 
Exposure  assessment  is  the  estimation  of  the  magnitude,  ftequency,  dura¬ 
tion,  and  routes  of  exposure  to  a  chemical.  Human  exposure  to  chem¬ 
icals  is  typically  evaluated  by  estimating  the  amoimt  of  a  chemical  that 
could  come  into  contact  with  the  lungs,  gastrointestinal  tract,  or  skin 
during  a  specified  period  of  time.  This  exposure  assessment  is  based  on 
scenarios  that  define  human  populations  potmtiaUy  exposed  to  COPCs 
originating  from  the  site.  The  potential  pathways  of  exposure;  frequency 
and  duration  of  potential  exposures;  rates  of  contact  with  air,  water,  and 
soil;  and  the  concentrations  of  chemicals  in  air,  groundwater,  or  soil  are 
evaluated  in  the  assessment  of  human  intake  of  COPCs.  Chemical 
intakes  and  associated  risks  have  been  quantified  for  all  exposure  path¬ 
ways  considered  potentially  complete. 

Chemical  intakes  are  expressed  as  the  amount  of  chemical  at  the 
exchange  boundary  (i.e.,  skin,  lungs,  or  gastrointestinal  tract)  and  avail¬ 
able  for  absorption.  In  accordance  with  EPA  guidelines,  intake  for 
dermal  exposure  pathways  is  estimated  in  terms  of  absorbed  dose  and  not 
qiumtity  of  chemical  at  the  exchange  boundary.  Estimates  of  chemical 
intakes  based  on  RME  scenarios  are  presented  in  this  section.  Chemical 
intakes  were  estimated  for  both  adults  and  children  and  for  both  current 
and  future  land  use.  Calculations  and  input  parameters  used  for  estimat¬ 
ing  intake  rates  through  the  inhalation,  soil  ingestion,  groundwater  inges¬ 
tion,  and  dermal  contact  with  soil  and  groundwater  pathways  were 
obtained  from  U.S.  EPA  (U.S.  EPA,  1989;  1990;  1991).  The  calculated 
intake  rates  are  combined  with  toxicity  criteria  values  (disctissed  in 
Section  6.3)  to  characterize  potential  health  risks. 

The  calculations  used  to  estimate  exposure  or  intake  from  contact  with 
chemicals  in  soil  have  the  same  general  components:  (1)  a  variable 
representing  chemical  concentration,  (2)  variables  describing  the  charac¬ 
teristics  of  the  exposed  population,  and  (3)  an  assessment-determined 
variable  that  defines  the  time  frame  over  which  exposure  occurs.  The 
general  mathematical  relationship  among  these  variables  and  chemical 
intake  in  humans  is: 


C  xCRx  EF  X  ED 
AT  X  BW 


(1) 


where: 

I  =  Intake  (mg/kg-day) 
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c 

Average  concentration  in  the  contaminated  medium 
contacted  over  the  exposure  period  (mg/kg,  mg/1,  or 
mg/m’) 

CR  = 

Contact  rate;  the  quantity  of  contaminated  medium 
contacted  per  unit  time  (e.g.,  mg/day) 

EF  = 

Exposure  frequency  (days/year) 

ED  = 

Exposure  duration  (years) 

AT  = 

Averaging  time;  period  over  which  exposure  is 
averaged  (days) 

BW  = 

Body  weight  (kg) 

The  calculated  intake  rates  are  combined  with  toxicity  criteria  values 
(discussed  in  Section  6.3)  to  characterize  potential  health  risks. 

The  toxicity  assessment  determines  the  relationship  between  the  magni¬ 
tude  of  exposure  to  a  chemical  and  the  adverse  health  effects.  This 
assessment  provides,  where  possible,  a  numerical  estimate  of  the 
increased  likelihood  and/or  severity  of  adverse  effects  associated  with 
chemical  exposure  (U.S.  EPA,  1989). 

For  purposes  of  the  toxicity  assessment,  the  COPCs  have  been  classified 
into  two  broad  categories:  carcinogens  and  noncarcinogens.  This  classi¬ 
fication  has  been  selected  because  health  risks  are  calculated  quite 
differently  for  carcinogenic  and  noncarcinogenic  effects,  and  separate 
toxicity  values  have  been  developed  for  carcinogenic  and  noncarcinogenic 
effects.  These  toxicity  values  represent  the  potential  magnitude  of 
adverse  health  effects  associated  with  exposure  to  chemicals.  U.S.  EPA 
and  Cal-EPA  toxicity  studies  with  laboratoiy  animals  or  epidemiological 
studies  of  human  populations  provide  the  data  used  to  develop  these 
toxicity  values.  These  values  represent  allowable  levels  of  exposure 
based  upon  the  results  of  toxicity  studies  or  epidemiological  studies.  The 
toxicity  values  are  then  combined  with  the  exposure  estimates  in  the  risk 
characterization  process  to  estimate  adverse  effects  from  chemicals  poten¬ 
tially  originating  from  groundwater  contaminants. 

Risk  characterization  involves  estimating  the  magnitude  of  the  potential 
adverse  health  effects  under  study.  This  is  accomplished  by  combining 
the  results  of  the  dose-response  and  exposure  assessments  to  provide 
numerical  estimates  of  potential  health  effects.  These  values  represent 
comparisons  of  exposure  levels  with  appropriate  toxicity  threshold  values 
and  estimates  of  excess  cancer  risk.  Risk  characterization  also  considers 
the  nature  of  and  weight  of  evidence  supporting  these  estimates,  as  well 
as  the  magnitude  of  uncertainty  surrounding  such  estimates. 

Although  the  risk  assessment  produces  numerical  estimates  of  risk,  these 
numbers  do  not  predict  actual  health  outcomes.  The  estimates  are  calcu¬ 
lated  to  overestimate  risk;  therefore,  actual  risks  are  likely  to  be  lower 
than  estimated  and  may  even  be  zero. 
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5.2.1  Data  Sources 


Groundwater  monitoring  data  used  to  develop  risk-based  target  volumes 
were  from  the  GSAP  maintained  by  Radian  Corporation.  Data  from  the 
quarterly  monitoring  program  from  1986  to  1993  were  used  to  develop 
target  volumes.  Data  from  these  years  were  selected  because  they  repre- 
srat  a  reasonable  number  of  wells  and  parameters  monitored  to  plot 
concentration  contours  and  to  provide  a  relatively  long  period  to  evaluate 
the  changes  in  the  spatial  extent  of  estimated  health  risks  over  time. 

5.2.2  Introduction  to  Sample-Specific  Risk  Assess¬ 
ment  Methodology 

When  there  is  a  single  contaminant  in  groundwater,  the  contaminant 
levels  in  different  wells  can  be  compared  to  a  contaminant-specific  appli¬ 
cable  or  relevant  and  appropriate  requirement  (ARAR)  or  preliminary 
remediation  goal  (PRG)  to  distinguish  areas  requiring  remediation  from 
areas  with  concentrations  that  do  not  exceed  ARARs  or  that  do  not  pose 
unacceptable  health  risks.  However,  for  the  case  of  multiple  contami¬ 
nants  detected  in  groundwater  (as  is  present  at  McClellan  AFB),  the 
approach  used  is  to  integrate  individual  contaminant  concentrations  into 
cumulative  increased  lifetime  cancer  risks  or  hazard  indexes,  according 
to  contaminant  levels  reported  from  each  sample.  Samples  with  cancer 
risks  or  noncancer  hazard  indexes  exceeding  a  defined  cut-point  of 
acceptable  levels  may  then  be  mapped  to  spatially  define  areas  requiring 
either  treatment  or  no  further  action.  This  approach  is  referred  to  as  a 
sample-specific  risk  assessment  methodology.  Attributes  of  the  sample- 
specific  risk  assessment  methodology  include; 

•  Characterizing  health  risks  associated  with  chemical  contam¬ 
inants  detected  in  each  sample 

•  Using  RME  assumptions  for  each  sample 

•  Summing  risks  across  chemicals  and  pathways  for  each 
sample 

•  Representing  only  a  small  modification  of  current  risk 
assessment  guidelines 

•  Indicating  acceptance  for  use  by  EPA  Region  IX 

The  integration  of  sample-specific  risk  assessment  methodology  within 
current  U.S.  EPA  risk  assessment  guidelines  and  the  benefits  that  the 
sample-specific  methodology  provide  to  the  risk  assessmmt  for  the 
GW  OU  FS  are  discussed  in  Appendix  B. 

The  risk-based  target  volumes  developed  through  sample-specific  risk 
assessment  identify  areas  of  groundwater  that  could  pose  unacc^table 
health  risks  should  that  water  be  used  in  the  future.  Target  volumes 
representing  10'*,  10'*,  and  lO*^  increased  lifetime  cancer  risks  and  a 
noncancer  hazard  index  exceeding  1.0  were  mapped  using  groundwater 


RDDI0012C4D.WPS  (GW  RI/FS) 


5-6 


3/22/94 


monitoring  data  collected  at  McClellan  AFB  and  risk  calculations  docu¬ 
mented  in  Appendix  B. 

The  calculations  and  assumptions  used  to  prepare  the  risk-based  target 
volumes  represent  health  risks  associated  with  a  hypothetical  future  land 
use  scenario,  but  do  not  address  health  risks  potentially  associated  with 
current  conditions  in  groundwater  at  McClellan  AFB. 


5.3  Data  Interpretation 

5.3.1  Description  of  Sampie-Specific  Risk  Assess¬ 

ment  Methodology 

Health  risks  were  characterized  by  spatially  defining  the  area  where 
groundwater  contaminants  were  associated  with  risks  that  exceeded  speci¬ 
fied  risk  thresholds.  Instead  of  generating  a  single-point  estimate  of  risks 
sitewide,  risks  associated  with  groundwater  contaminants  were  character¬ 
ized  by  evaluating  sample-specific  risks.  This  approach  retains  informa¬ 
tion  on  the  spatial  distribution  of  risk  in  groundwater.  Sample-specific 
risk  or  hazard  index  calculations  use  the  same  equations  to  estimate  RME 
risks  as  defined  in  Risk  Assessment  Guidance  for  Superfimd  (RAGS) 
(U.S.  EPA,  1989).  Exposure  parameter  values  and  toxicity  values  are 
the  same  as  those  used  in  a  conventional  sitewide  calculation.  The  only 
structural  difference  in  calculating  sample-specific  versus  sitewide  risk 
lies 'm  the  concentration  values  used.  Where  the  conventional  sitewide 
approach  uses  the  95  percent  upper  confidence  limit  (UCL)  of  the  mean 
concentration  for  all  contaminants  of  concern,  sample-specific  risk  calcu¬ 
lations  use  concentrations  reported  from  each  individual  site  characteriza¬ 
tion  sample  of  the  relevant  medium.  However,  the  sample-specific  risks 
are  still  considered  to  be  RME  because  of  the  use  of  conservative 
assumed  exposure  parameters  in  the  calculation  of  intake,  including 
upper  bound  medium  intake  rates  (e.g.,  2  liters/day  for  drinking  water), 
exposure  frequencies  (e.g.,  350  days/year),  exposure  durations  (e.g., 

30  years),  and  averaging  times  (e.g.,  70-year  lifetime).  These  parame¬ 
ters  are  still  applied  in  a  multiplicative  maimer  (as  in  the  conventional 
approach),  and  risks  from  multiple  pathways  of  exposure  are  summed. 
Therefore,  the  risk  calculations  retain  their  conservative  nature.  The 
sample-specific  risk  approach  is  presented  in  Figure  5-2. 

The  advantage  of  the  sample-specific  methodology  is  greatest  when  risks 
are  attributable  to  multiple  contaminants.  An  assumption  inherent  in  the 
sitewide  risk  calculation  is  spatial  co-variance  of  contaminant  concentra¬ 
tions  (i.e.,  the  UCL  concentrations  of  all  contaminants  detected  at  the 
site  coincide  spatially).  Such  spatial  co-variance  is  rarely  observed  at 
complex  sites.  Applying  sitewide  risk  calculations  to  a  data  set  would 
yield  higher  risk  estimates  than  the  sample-specific  risk  estimates,  unless 
the  elevated  concentrations  did  indeed  coincide  spatially. 


RDD100I2C4D.WI>5(OW  RI/FS) 


5-7 


3/22/94 


Sample 

Sample  3  \  > 
Sample  2  \ 

Sample  1  ' 

rP 

Parameter  1  ^  ^ 

Parameter  P 


Sample  N 

i  Samoie  ^ 

rt 

Sample  2 
Sample  1 

Parameter  1  r 

•  ^ 

/ 

'p 

• 

— J 

Parameter  P 


Concentration  1 

Concentration  2 

\  * 

_ # _ 

Concentration  P 


SITE-SPECIFIC 

CALCULATION 


Exposure  Toxicity  1 

Exposure  Toxicity  2 

• 

» 

Exposure  Toxicity  P 


SAMPLE-SPECIFIC 

CALCULATION 


Sample  N 

f  Samoln  3  ,i 
Sample  2 
Sample  1 

Panmetar  1  \  ~  ~~ 


Exnasiim  Tnxidtv  1 


Exposure  Toxidty  1 
Exposure  Toxidty  2  [  . 


RiskN 


I  Risk  3 
■I  Risk  2  , 

Risk  1  I  I 


Parameter  P 


Exposure  Toxidty  P 


FIGURE  5-2 

SAMPLE-SPECIFIC  RISK 
ASSESSMENT  METHOD 

GROUNDWATER  OPERABLE  UNIT  RI/FS 
McClellan  AIR  force  base 
SACRAMENTO.  CALIFORNIA 

- aStilHIUL - 


5.3.2  Groundwater  Monitoring  Data  Assumptions 


Several  assumptions  were  applied  to  the  groundwater  monitoring  data  for 
developing  the  risk  calculations  and  mapping  the  risk  estimates.  For 
purposes  of  g«ierating  risk  contours,  groundwater  samples  collected 
between  1986  and  1993  were  grouped  into  periods  corresponding 
generally  to  the  monitoring  periods  in  the  quarterly  monitoring  program. 
Selected  VOCs  were  not  excluded  as  COPCs  based  on  concentrations 
detected  in  blanks.  Samples  identified  as  field  duplicates  were  excluded 
from  the  d«ta  prior  to  performing  sample-specific  risk  calculations. 
Fitudly,  parameters  reported  as  not  detected  were  assumed  to  be  zero  for 
purposes  of  contouring  risks.  Use  of  a  surrogate  concentration  such  as 
one-half  of  the  detection  limit  would  arbitrarily  inflate  risks,  when 
P-parameter-specific  risks  were  cumulated  in  a  sample.  This  would 
result  in  estimated  risk  in  samples  where  contaminants  had  never  been 
detected. 

5.3.3  Overall  Inferences 

VOCs  represented  the  primary  COPCs  in  groundwater  at  McClellan 
AFB.  On  the  basis  of  the  estimated  lifetime  cancer  risks,  potential  for 
noncancer  effects  and  extent  of  contamination  in  groundwater,  the 
COPCs  were  TCE,  chloroform,  PCE,  1,2-DCA,  and  1,1-DCE.  Semi¬ 
volatile  organic  compounds  (SVOCs),  while  associated  with  elevated 
risks  in  localized  areas,  generally  were  associated  with  lower  levels  of 
risk  and  a  lesser  extent  of  contamination  when  compared  with  VOCs. 
Risks  estimated  for  SVOCs  were  not  incorporated  into  the  target 
volumes. 

Variability  of  risks  in  each  well  was  presented  graphically  using  box 
plots.  A  generic  box  plot  is  presented  in  Figure  5-3.  A  box  plot  identi¬ 
fies  the  median  (SO  percentile  value),  the  lower  and  upper  quartiles  (25 
and  75  percentile  values),  and  the  extreme  spread  of  the  data.  The  edges 
of  the  box  demark  the  25  and  75  percentiles  and  therefore  represent  the 
middle  SO  percent  range  (or  interquartile  range)  of  the  parameter  values. 
The  line  within  the  box  is  the  median.  The  lines  extending  outward  from 
the  box  demark  the  range  of  data,  excluding  outliers.  Two  outliers  are 
defined,  based  on  their  distance  from  the  nearest  edge  of  the  box  (and 
relative  to  the  range  of  the  box).  Outside  values  lie  1.5  to  3  interquartile 
ranges  from  the  nearest  box  edge,  and  far  outside  values  lie  3  or  more 
interquartile  ranges  from  the  nearest  box  edge.  The  notch  represents  the 
approximate  95  percrat  confidence  interval  around  the  median. 

A  summary  of  the  increased  lifetime  cancer  risk  estimates  from  the 
monitoring  well  data,  grouped  by  OU  and  by  monitoring  zone,  is  pre¬ 
sented  in  Figure  5-4.  Figure  5-4  also  presents  median  estimates  of  risks 
associated  with  VOCs  across  samples  within  each  OU.  Median  risks  in 
groundwater  under  OU  A  are  relatively  low,  compared  with  OUs  B,  C, 
and  D.  This  suggests  that  a  significant  fraction  of  the  VOC  mass  in  soil 
within  OU  A  has  not  yet  been  released  to  groundwater.  Median  risks 
within  the  B  zone  in  OU  B  ate  noticeably  greater  than  risks  within  the 
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A  box  plot  identifies  the  median  (50  percentile  value),  the  lower  and  upper  quartiles  (25  and  75 
percentile  values)  and  the  extreme  spread  of  the  data. 

The  edges  of  the  box  demark  the  25  and  75  percentiles,  and  so  represent  the  middle  50 
percent  range  (or  interquartile  range)  of  the  range  of  values.  The  line  within  the  box  is  the 
median. 

The  lines  extending  outward  from  the  box  demark  the  range  of  data,  excluding  outliers.  Two 
outliers  are  defined,  based  on  their  distance  from  the  nearest  edge  of  the  box  (and  relative  to 
the  range  of  the  box). 

Outside  values  lie  1.5  to  3  interquartiie  ranges  from  the  nearest  box  edge,  and  far  out  values 
lie  3  or  more  interquaitle  ranges  from  the  nearest  box  edge. 

The  notch  represents  the  appoximate  95  percent  confidence  intery^l  around  the  median. 
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underlying  C  and  D  zones,  suggesting  that  vertical  migration  of  contami¬ 
nants  from  soil  has  more  significantly  impacted  shallow  aquifers  rather 
than  the  deeper  aquifers.  One  significant  finding  from  this  analysis  is 
that  median  risks  in  OU  C  are  noticeably  greater  in  the  deeper  monitor¬ 
ing  zones  compared  with  the  shallow  monitoring  zones.  This  suggests 
that  contaminants  in  soils  within  OU  C  are  not  a  significant  contributor 
to  groundwater  contamination,  and  the  contaminants  in  the  deeper  zones 
reflect  lateral  migration  in  groundwater,  possibly  from  OUs  B  and  D. 

Figure  S-S  presents  the  box  plots  of  risks  across  all  samples  grouped  by 
OU  and  monitoring  zone.  The  A-zone  (shallow  zone)  results  presented 
in  Figure  S-4  indicate  median  risks  generally  between  10**  to  10*^  with 
selected  wells  containing  VOC  concentrations  associated  with  risks  up  to 
lO*^,  with  little  variability  between  OUs  A  through  D.  Results  across  the 
different  monitoring  zones  for  OU  B  show  relatively  little  variability, 
suggesting  that  contamination  is  fairly  consistent  with  increasing  depth. 
Results  for  OU  C  show  higher  median  risks  within  de^r  monitoring 
zones,  suggesting  that  observed  risks  (contamination)  have  not  originated 
from  vertical  migration  of  contamination  from  soils  within  OU  C.  The 
results  for  OU  D  show  significant  outliers  with  elevated  risks  within  the 
B  zone;  these  elevated  contaminant  levels  appear  to  be  relatively  confined 
to  the  B  zone  according  to  the  results  presented  for  the  C  zone. 


5.4  Risk  Characterization 

5.4.1  Characterization  of  Numerical  Results 

The  U.S.  EPA  considers  action  to  be  warranted  at  a  site  when  cancer 
risks  exceed  10^.  Action  is  not  specifically  required  for  risks  falling 
within  1  X  10^  to  1  X  10^;  however,  this  is  judged  on  a  case-by-case 
basis.  Risks  less  than  1  x  Iff*  generally  are  not  of  concern  to  regulatory 
agencies.  A  hazard  index  (the  ratio  of  chemical  intake  to  the  reference 
dose  [RfD])  greater  than  one  indicates  that  there  is  some  potential  for 
adverse  noncancer  health  effects  associated  with  exposure  to  the  contami¬ 
nants  of  concern  (U.S.  EPA,  1991). 

Interpretations  of  the  data  presented  in  the  previous  section  indicate  that 
the  range  of  risks  from  contaminant  concentrations  falls  between  10~*  to 
lO**  in  most  of  the  monitoring  wells.  In  selected  wells,  risks  may  be  as 
high  as  l(f^;  generally,  these  risks  are  found  in  wells  that  have  been 
placed  within  suspected  contaminant  source  areas. 

The  numerical  results  presented  in  the  previous  section  do  not  reflect 
expected  pathways  of  exposure  under  either  current  or  future  conditions. 
These  reflect  a  hypothetical  scenario  of  a  residence  using  contaminated 
groundwater  that  was  developed  for  the  purpose  of  estimating  risk-based 
target  volumes  for  remedial  action.  Under  current  conditions  or  forseea- 
ble  future  conditions  at  McClellan  AFB,  it  is  not  likely  that  there  would 
be  pathways  of  exposure  to  the  contaminants  in  groundwater  as  measured 
in  the  GSAP. 
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5.4.2  Comparison  with  Health  Assessment 
Findings 

The  results  from  the  risk  assessment  were  compared  with  the  findings 
from  the  Health  Assessment  for  McClellan  AFB  prepared  by  the 
ATSDR.  In  preparation  of  the  Health  Assessment,  ATSDR  collected  and 
reviewed  relevant  health  and  environmental  data  for  activities  across  the 
entire  Base  (ATSDR,  1993).  ATSDR  concluded  that  there  have  been 
complete  ex]x>sure  pathways  in  the  past  from  groundwater  contaminants 
to  human  populations,  both  onbase  and  offbase.  The  Health  Assessment 
states  that,  while  exposure  pathways  appear  to  be  incomplete  under  cur¬ 
rent  conditions,  there  is  a  lack  of  data  to  fully  evaluate  exposure  path¬ 
ways.  In  particular,  ATSDR  notes  that  there  are  no  updated  records  on 
the  current  use  of  private  wells  by  residences  provided  with  the  alternate 
water  supply. 

ATSDR  speculated  that  it  is  possible  that  some  residences  may  have 
reconnected  their  private  wells  because  of  water  restrictions  during  the 
drought,  though  none  reported  using  their  private  wells  for  potable  pur¬ 
poses  in  the  ATSDR  public  availability  sessions.  Individuals  using  pri¬ 
vate  wells  for  irrigation  purposes  could  be  exposed  by  inhalation  of  con¬ 
taminants  from  droplets  of  water  spray  in  the  air  and  by  ingesting  biota 
that  have  bioaccumulated  contaminants.  On  the  basis  of  a  survey  of  a 
limited  number  of  residences,  ATSDR  noted  that  contaminant  concmtra- 
tions  in  offbase  wells  had  decreased  considerably  between  1985  and 
1991. 

ATSDR  stresses  in  its  report  the  uncertainties  concerning  potential 
adverse  health  effects  associated  with  exposure  to  low  levels  of  multiple 
environmental  contaminants  in  groundwater.  In  a  fashion  similar  to  that 
presented  in  this  risk  assessment,  ATSDR  provides  a  quantitative  evalua¬ 
tion  of  health  risks  associated  with  groundwater  contaminants  and,  in 
several  cases,  reported  that  potential  exposures  exceeded  acceptable 
levels.  However,  these  estimates  operate  under  the  same  constraint  in 
that  they  are  calculated  in  a  manner  that  overestimates  risk.  Therefore, 
actual  risks  are  likely  to  be  lower  than  these  estimates  and  may  even  be 
zero. 


Data  evaluating  potential  human  health  risks  from  exposure  to  ground- 
water  contaminants  are  limited  and  indirect.  Epidemiological  studies  of 
the  cancer  incidence  possibly  caused  by  exposure  to  trihalomethanes 
(THMs)  originating  from  chlorination  of  water  supplies  best  simulate  the 
human  exposure  scenario,  but  do  not  correlate  well  exposure  concentra¬ 
tions  and  observed  cancer  incidences.  These  studies  do  not  conclusively 
relate  observed  cancer  incidences  with  THM  concentrations  (shown  to 
average  83  pg/l  in  previous  studies),  but  are  suggestive  because  they 
represent  concentrations  of  chlorinated  VOCs  in  groundwater  at  which 
elevations  in  cancer  risk  are  barely  detectable  in  several  large  epidemio¬ 
logical  studies  (Williamson,  1981;  NRC,  1980;  Shy,  1985). 
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Relatively  few  studies  have  evaluated  the  incidence  of  adverse  effects  in 
populations  living  near  disposal  sites,  and  these  often  have  several  limita¬ 
tions.  While  these  studies  have  played  a  role  in  shaping  the  public 
debate  concerning  groundwater  contamination,  they  generally  have  added 
little  to  our  understanding  of  trends  between  adverse  effects  and  contami¬ 
nation  (Upton  et  al.,  1991).  However,  a  limited  number  of  studies  pro¬ 
vide  a  useful  example  of  the  extent  of  groundwater  contamination  with 
VOCs  considered  to  be  associated  with  adverse  health  effects.  In  one 
case,  prompted  by  health  complaints  from  residents  in  Hardeman 
County,  Tennessee,  groundwater  samples  were  collected  from  wells  near 
a  landfill  where  300,000  barrels  of  pesticide  manufacturing  wastes  were 
stored.  The  population  previously  exposed  to  contaminated  well  water 
exhibited  hepatomegaly  and  abnormally  high  levels  of  hepatic  enzyme 
levels.  These  effects  decreased  upon  cessation  of  exposure.  Concentra¬ 
tions  of  carbon  tetrachloride  detected  in  private  wells  serving  the  exposed 
individuals  ranged  from  61  to  18,700  /rg/l,  with  a  median  level  of  1,500 
/ig/1.  The  authors  concluded  that  the  findings  indicated  transitory  liver 
injury  probably  related  to  contaminated  groundwater  (Clark  et  al.,  1982). 

Although  there  are  limitations  with  the  data,  epidemiological  studies  of 
human  exposure  to  groundwater  contaminants  provide  some  insight  to  the 
potential  for  adverse  health  effects  at  McClellan  AFB.  The  studies  of 
cancer  incidences  associated  with  exposures  to  THMs  in  chlorinated 
surface  water  indicate  increased  cancer  risks  that  are  barely  detectable 
with  epidemiological  methods.  While  contaminant  exposures  were  not 
quantified  in  these  studies,  a  median  THM  concentration  reported  in  U.S. 
surface  water,  during  the  time  in  which  these  studies  were  conducted, 
was  117  fkgl\,  with  83  /ig/l  of  chloroform  (Williamson,  1981).  The  NRC 
has  concluded  that  the  projected  increases  in  mortality  in  these  epidem¬ 
iological  studies  is  probably  too  small  to  distinguish  in  the  presence  of 
confounding  factors,  such  as  cigarette  smoking  (NRC,  1980).  The 
human  experience  with  expiosure  to  groundwater  contaminants,  as  it  has 
been  evaluated  through  epidemiological  studies,  combined  with  data 
characterizing  the  contaminant  concentrations,  suggests  that  there  is  a 
low  likelihood  of  a  perceptible  association  between  adverse  health  effects 
and  groundwater  contamination  at  McClellan  AFB. 


5.5  Compliance  with  ARARs 

The  remedial  alternatives  discussed  in  this  RI/FS  are  required  to  attain 
cleanup  standards  and/or  standards  of  control  of  hazardous  substances 
which  comply  with  ARARs.  These  requirements  include  federal  environ¬ 
mental  laws  and  any  more  stringent  state  laws.  Local  regulations  and 
guidelines  must  also  be  identified. 

ARARs  are  divided  into  three  categories:  chemical-specific,  location- 
specific,  and  action-specific  requirements.  The  chemical-specific  i\RARs 
for  the  GW  OU  remedial  actions  define  the  concentration  levels  for  con- 

•  taminants  in  groundwater  that  trigger  a  problem  and  the  concentration 
levels  required  for  satisfactory  treatment  and  end-use  alternatives  for 

•  treated  groundwater.  The  location-specific  ARARs  relate  to  the  geo¬ 
graphical  or  physical  location  of  the  site,  and  the  action-specific  ARARs 
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are  requirements  that  define  acceptable  treatment  and  disposal  procedures 
for  hazardous  substances.  A  detailed  discussion  of  the  potential  and 
probable  ARARs  identified  for  the  GW  OU  is  provided  in  Appendix  D, 
ARARs  Analysis. 

The  No-Action  Alternative  will  not  meet  ARARs.  Site  investigations 
conducted  at  McClellan  APB  have  concluded  that  the  contamination  in 
the  groundwater  underlying  the  Base  currently  does  not  meet  applicable 
numerical  criteria  and  other  regulatory  objectives  and  to-be-consideied 
(TBC)  criteria.  The  groundwater  must  be  treated  to  meet  federal  and 
more  stringent  state  standards. 

The  numerical  values  provided  in  the  Safe  Drinking  Water  Act  (SDWA) 
are  among  some  of  the  criteria  which  are  exceeded  at  the  Base.  These  ' 
numerical  values,  known  as  MCLs,  are  enforceable  limits  on  the  concen¬ 
trations  of  certain  hazardous  materials  in  drinking  water.  Since  the 
beneficial  uses  of  the  aquifer  imderlying  the  Base  include  municipal, 
industrial,  agricultural,  and  domestic  water  supply,  drinking  water 
standards,  including  those  found  in  the  SDWA,  apply.  The  presence  of 
contaminants  above  MCLs  have  degraded  these  beneficial  uses;  there¬ 
fore,  treatment  is  required  to  restore  the  groundwater  underlying  the 
Base  and  protect  drinking  water  supplies  outside  of  the  zone  of  influence. 

Another  ARAR  which  is  exceeded  at  the  Base  is  the  State  Water 
Resources  Control  Board  (SWRCB)  Resolution  68-16.  This  policy, 
which  has  been  promulgated  as  regulation,  states  that  water  quality  may 
not  be  allowed  to  be  degraded  below  what  is  necessary  to  protect  benefi¬ 
cial  uses.  The  groundwater  at  the  Base  must  be  treated  to  a  level  that 
restores  and  protects  all  beneficial  uses  of  the  aquifer. 

SWRCB  Resolution  92-49,  which  is  currently  considered  TBC  criteria 
because  it  is  not  a  promulgated  regulation,  states  that  the  Regional  Board 
is  authorized  to  require  cleanup  of  wastes  discharged  and  restoration  of 
affected  waters  to  background  levels.  Cleaning  up  to  background  means 
that  there  should  be  no  detectable  concentrations  of  VOCs  using  a  reli¬ 
able  analytical  method.  This  can  be  accomplished  by  using  EPA 
Methods  601  and  602  with  a  detection  level  of  0.5  ftg/l.  This  policy  also 
requires  cleanup  and  abatement  actions  to  conform  to  SWRCB  Resolution 
68-16,  water  quality  control  plans  and  policies,  and  applicable  provisions 
of  Title  23  California  Code  of  Regulations  (CCR),  Division  3, 

Chapter  IS,  as  feasible. 

Title  23  CCR,  Division  3,  Chapter  15,  Section  25S0.4  provides  a  method 
for  determining  cleanup  standards  using  background  concentrations  as  a 
starting  point.  A  cleanup  level  greater  than  background  may  be  proposed 
only  if  the  regional  board  finds  that  it  is  technically  and  economically 
infeasible  to  achieve  background  levels.  If  cleanup  levels  greater  than 
background  are  proposed,  it  must  be  demonstrated  that  the  contaminants 
will  not  result  in  excessive  exposure  to  sensitive  biological  receptors. 

Most  of  the  VOCs  detected  in  the  groundwater  exceed  the  Resolution 
92-49  background  level.  Many  of  the  contaminants  inconsistently  exceed 
MCLs  in  some  monitoring  wells  while  other  contaminants  exceed  MCLs 
on  a  much  more  frequent  and  regular  basis.  Those  compounds  that 
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consistently  exceed  MCLs  are  called  contaminants  of  concern  and  include 
trichloroethene,  cis-l,2-DCE,  PCE,  and  1,2-DCA. 

In  developing  groundwater  containment  options,  MCLs  and  the  O.S  /ig/l 
cleanup  level  were  used  to  generate  target  volumes  that  identify  areas 
where  remediation  is  necessary.  In  addition,  a  third  cleanup  level  was 
identified  based  on  the  10^  cancer  risk,  which  was  developed  in  the  risk 
assessment.  A  detailed  description  of  the  groundwater  containment 
options  is  provided  in  Chapter  8. 

The  ARARs  for  the  GW  OU  have  been  identified  in  a  sequential  manner. 
First,  the  ARARs  that  impact  remedial  goals,  independent  of  remedial 
alternatives,  were  identified.  These  are  the  chemical-  and  location-speci¬ 
fic  regulations  and  objectives  that  govern  the  release  and  need  for  remed¬ 
iation  of  speciried  hazardous  materials  and  present  how  the  physical 
location  of  the  site  can  determine  where  and  how  a  treatment  facility  can 
be  constructed  and  operated.  Next,  the  action-specific  ARARs  are  iden¬ 
tified  for  each  remedial  alternative.  These  define  the  performance 
requirements  of  the  system  and  may  impact  cost  and  implementability  of 
the  alternative. 

The  ARARs  presented  and  discussed  in  Appendix  D  were  developed 
after  examination  of  the  contamination  at  the  Base,  details  of  each  poten¬ 
tial  remedial  alternative,  and  review  of  the  solicited  ARARs  provided  by 
various  agencies.  The  potential  ARARs  have  been  identified  for  each 
remedial  alternative  while  the  probable  ARARs  are  regulations  and  objec¬ 
tives  that  are  applicable  to  the  selected  alternative.  The  ARARs  devel¬ 
oped  in  this  RI/FS  are  preliminaiy.  They  represent  the  regulations  and 
requirements  that  may  apply  to  potential  options  and  the  proposed 
alternative.  Final  ARARs  will  be  developed  and  selected  after  the  RI/FS 
report  has  been  reviewed  by  and  discussed  with  the  agencies.  ARAR 
identification  will  eventually  be  documented  in  the  Interim  Record  of 
Decision. 
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Chapter  6 

Feasibility  Study  Approach 


I 


I 


The  groundwater  remedial  action  at  McClellan  AFB  must  accomplish 
several  goals.  It  must  achieve  remedial  response  objectives  idmtified  for 
the  Base,  it  must  be  able  to  accommodate  uncertainties  in  site  conditions, 
and  it  must  integrate  with  other  remedial  actions  being  performed  at  the 
Base. 

Ihe  purpose  of  this  chapto'  is  twofold:  first,  to  describe  the  strategy  for 
groundwater  remedial  action,  and  second,  to  describe  how  the  differmt 
elements  of  the  FS  were  integrated  to  evaluate  the  potinent  data, 
understand  the  uncertainties  in  site  conditions,  and  develop  solutions  to 
the  problem  of  groundwater  remediation  at  McClellan  AI%.  Ihe 
strategy  for  groundwater  remediation  and  the  approach  to  the  FS  have 
unfolded  through  interactions  between  McClellan  AFB  and  the  regulatory 
ag«icies  that  have  been  ongoing  throughout  the  RI/FS  process,  and 
reflect  the  consensus  obtained  between  the  Base  and  the  agencies. 


6.1  Nature  of  the  Problem  and  Required 
Decisions 


► 

I 

y 

i' 


Prior  to  prqiaration  of  the  Work  Plan  for  the  GW  OU,  a  Strawman  ROD 
was  prqrared  that  contained  the  best  estimate  of  the  decisions  and 
uncertainties  that  would  be  addressed  in  the  ROD  for  the  GW  OU.  The 
Strawnum  ROD  contained  three  nujor  decisions: 

•  The  necessity  of  remedial  action 

•  The  definition  of  target  volumes  for  remedial  action 

•  The  selection  of  remedial  actions  to  be  replied  to  the 
selected  target  volumes 

The  concqrtual  model  of  the  site,  presented  in  Quarter  4,  described  the 
nature  and  extmt  of  groundwater  contamiruition  at  McClellan  AFB.  The 
risk  assessment  and  ARARs  analysis,  presorted  in  Chapter  5,  concluded 
that  interim  remedial  actions  have  substantially  reduced  existing  risks  to 
public  health  from  groundwater  contaminants.  However,  groimdwater 
underlying  the  Base  is  contaminated  and  has  degraded  groundwater 
quality,  as  defined  by  State  of  California  policies.  It  could  pose  an 
increased  risk  to  hrtman  health  should  the  groundwater  be  used  in  the 
future.  These  two  latter  conclusions  show  the  necessity  of  remedial 
action.  This  RI/FS  report  addresses  the  other  decisions:  the  definition 
of  target  volumes  for  remedial  action,  and  the  selection  of  remedial 
actions  for  the  identified  target  volume. 


ltDD10012C19.WP5  (OW  RI/FS) 


6-1 


6/23/94 


6.2 


Remedial  Response  Objectives 


Remedial  response  objectives  have  been  identified  that  guide  the  develop¬ 
ment  of  a  strategy  for  remedial  action  and  the  selection  of  remedial 
action  alternatives  for  groundwater  contamination  at  McClellan  AFB. 
These  remedial  response  objectives  are  to: 

•  Contain  the  contamination  by  stopping  lateral  migration 
offbase  and  vertical  migration  to  deeper  aquifers 

•  Apply  innovative  technologies  to  reduce  the  dtiration  and 
cost  of  remedial  action 

•  Protect  public  health  and  the  environment 

•  Achieve  compliance  with  ARARs 

There  are  several  possible  strategies  for  remedial  action.  The  following 
section  discusses  these  strategies  and  identifies  the  strategy  that  achieves 
the  remedial  response  objectives. 


6.3  Strategies  for  Remedial  Action 

Several  remedial  action  strategies  could  be  taken  to  remediate  the 
contaminated  groundwater  beneath  McClellan  AFB.  In  developing  a 
Basewide  remedial  strategy,  any  of  these  potential  groundwater  remedies 
could  be  implemented  along  with  a  remedy  to  address  vadose  zone 
contamination.  Because  vadose  zone  contamination  is  a  continuing 
source  of  contaminants  to  groundwater,  the  success  of  any  of  the 
following  groundwater  remedies  is  dependent  on  the  in:q>lementation  of 
an  associated  vadose  zone  remedy.  Possible  strategies  for  the 
remediation  of  contaminated  groundwater,  along  with  their  possible 
outcomes  and  times  to  meet  remedial  objectives,  are  sununarized  in 
Table  6-1.  Con^puison  of  the  potmtial  effectiveness  of  each  strategy  in 
terms  of  reducing  the  volume  of  contamituted  groundwater  over  time  is 
presorted  in  Figure  6-1.  These  potential  strategies  for  groundwater 
remediation  are: 

*  Pure  containment  of  contaminated  groundwater,  minimi  ring 
the  flow  rate  of  extracted  groundwater 

•  Pure  containment  of  contaminated  groundwater,  minimizing 
the  number  of  extraction  wells  required 

•  Containmoit  with  aggressive  flushing  of  the  target  volumes 

*  Contairunent  with  hot  spot  isolation  and  aggressive  flushing 
of  the  target  volumes 
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Table  6-1 

Possible  Groundwater  Remedial  Action  Strategies 

Strategy 

Possible  Outcome 

Approximate 
lime  to 
Complete 
Remedial 

Action 

Containment 

No  further  migration  of  groundwater 
contamination 

>  Centuries 

Containment  and 
aquifer  flushing 

No  further  migration  of  groundwater 
contamination,  and  some  reduction  in 
contaminated  groundaater  volume 

>  100  years 

Containment, 
aquifer  flushing 
and  hot  spot 
isolation/ 
remediation 

No  further  migration  of  groundwater 
contamination,  more  rapid  reduction 
in  contaminated  groundwater  volume 
and  source  removal 

<  100  years 

Containment, 
aquifer  flushing, 
hot  spot  remedi¬ 
ation,  and 
vadosezone 
remediation 
(SVE) 

No  further  migration  of  groundwater 
contamination,  more  rapid  reduction 
in  contaminated  groundwater 
volume,  groundwater  source 
removal,  and  vadose  zone  source 
removal 

10  to  SO  years 

Two  different  pure-containment  strategies  for  contaminated  groundwater 
could  be  implemented  at  the  Base.  The  first  is  a  containment  strategy 
that  minimizes  the  flow  rate  of  extracted  groundwater  requiring 
treatment,  but  still  prevents  the  further  lateral  or  vertical  migration  of 
contaminants  from  their  present  location.  This  remedial  strategy  would 
consist  of  a  sufficient  number  of  extraction  wells  located  so  that  any 
downgradient  movement  of  contamination  is  halted,  as  well  as  any 
vertical  movement  downward  into  aquifers  that  are  currmtly 
uncontaminated.  This  alternative  would  not  effectively  flu^  hot  spot 
areas  or  low  concentration  areas,  and  the  time  required  for  site 
rmnediadon  would  be  on  the  order  of  c«ituries.  Ihis  strategy  is  not 
likely  to  achieve  compliance  with  ARARs  because  there  is  no  reduction 
in  the  volume  of  contaminated  groundwater,  and  the  potential  exists  for 
further  d^radation  of  surrounding  high  quality  groundwater. 

The  second  type  of  pure-containment  strategy  that  could  be  implemented 
at  the  Base  would  have  the  objective  of  containing  the  «itire  volume  of 
contaminated  groundwater  with  a  minimum  number  of  extraction  wells. 
This  strategy  would  require  the  construction  of  a  relatively  small  number 
of  extraction  wells  screened  throughout  the  entire  thickness  of 
contaminated  aquifer  at  the  site.  The  main  advantage  of  this  strategy  is 
that  it  minimizes  the  cost  associated  with  the  construction  of  numerous 
extraction  wells  and  associated  pipelines.  The  main  disadvantage  of  this 
strategy  is  that  it  will  drive  contaminants  that  currently  reside  in  the 
shallow  aquifers  downward  into  aquifers  that  are  not  currently 
contaminated.  Another  disadvantage  is  that  these  large  extraction  wells 
will  draw  large  quantities  of  clean  water  from  the  deeper  regional  aquifer 
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and  produce  a  large  volume  of  low-concentration  water  that  will  require 
treatment.  Since  hot  spot  areas  are  not  addressed  individually, 
groundwater  with  extremely  high  contaminant  concentrations  and  possibly 
DNAPLs  will  be  drawn  downward  into  the  B-zone  and  C-zone  aquifers. 
This  wiU  act  to  extend  the  time  required  for  site  remediation  because  the 
high  concentration  areas  will  become  more  widespread.  This  strategy 
will  not  likely  achieve  compliance  with  ARARs,  especially  the  Cahfomia 
aquifer  non-degradation  policy. 

A  more  aggressive  remedial  strategy  is  to  construct  a  sufficient  number 
of  extraction  wells  such  that  all  of  the  contaminated  groundwater  is 
contained,  and  the  time  required  to  flush  one  pore  volume  through  the 
target  area  is  reduced  to  10  years  or  less.  This  scenario  will  provide  a 
much  more  rqiid  remediation  of  the  target  volumes,  but  still  lacks 
aggressive  remediation  of  the  highly  contaminated  hot  spot  areas.  This  is 
a  significant  disadvantage  to  this  remedial  strategy  since  highly 
contaminated  groundwater  may  be  drawn  into  lower  concentration  areas, 
significantly  extending  the  time  required  for  remediation. 

The  most  aggressive  remedial  strategy  for  the  Base  would  consist  of  the 
aggressive  containment  strategy  described  above,  coupled  with  designated 
extraction  wells  that  contain  and  flush  the  hot  spot  areas  directly.  This 
scenario  will  provide  relatively  rapid  flushing  of  the  lower  concentration 
areas  and  will  prevmt  the  highly  contaminated  groundwater  from  leaving 
the  currait  hot  spot  areas.  This  strategy  will  result  in  the  low 
concentration  portions  of  the  target  volumes  reaching  remedial  action 
objectives  fairly  quickly  (15  to  30  yrs),  while  isolating  the  portions  of  the 
aquifer  that  will  require  longer  remediation  times  (hot  spots). 

6.4  Groundwater  OU  Strategy  and  FS 
Approach 

6.4.1  Groundwater  OU  Strategy  for  Remedial 
Action 

Containment  and  flushing,  with  hot  spot  isolation  and  remediation,  will 
achieve  the  remedial  response  objectives.  Contaminated  groundwater 
volume  would  be  reduced  over  time  when  hot  spots  are  isolated. 
Innovative  technologies,  such  as  in  situ  bioiemediadon  processes,  could 
be  applied  once  hot  spots  are  isolated.  Since  groundwater  would  already 
be  hydraulically  controlled,  the  testing  and  trial  implementation  of  inno¬ 
vative  technologies  would  provide  minimal  risk  to  the  overall  remedial 
action.  This  has  been  the  strategy  selected  for  the  GW  OU.  This 
strategy  integrates  with  a  Basewide  SVE  remedy  that  addresses 
continuing  sources  of  contamination  in  the  vadose  zone.  Figure  6-2 
presents  an  idealized  site  setting  for  the  remedial  action  strategy.  This 
figure  depicts  the  relationships  between  sites  at  McClellan  AFB,  vadose 
zone  contamination,  smear  zone  contamination,  groundwater  hot  spots, 
and  the  contaminated  volume  of  groundwater.  Figure  6-3  depicts  the 
relationships  betwem  the  GW  OU  and  other  remedial  actions  at  the  Base. 
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The  Interim  ROD  resulting  from  the  GW  OU  RI/FS  would  address 
migration  of  groundwater  contaminants  and  reduction  of  the  contaminated 
volume.  The  Interim  ROD  also  would  address  reduction  of  contaminant 
diffusion  from  groundwater  hot  spots  and  removal  of  contaminant  mass 
through  the  ^plication  of  innovative  technologies,  as  well  as  additional 
characterization  of  the  extent  of  contamiiution  and  the  groundwater 
system.  SVE  ^plied  to  vadose  zone  (including  smear  zone)  contamina¬ 
tion  would  remove  the  continuing  source  of  contamination  to  ground- 
water.  SVE  removal  actions  have  been  initiated  at  some  sites  at  the 
Base,  through  the  use  of  Engineering  Evaluation/Cost  Arudyses  (EE/CA), 
with  the  goal  of  using  SVE  for  Basewide  vadose  zone  contamination. 
Removal  of  vadose  zone  contamiiution  and  isolation/remediation  of  hot 
spots  could  significantly  reduce  the  time  required  to  remediate  con¬ 
taminated  groundwater.  If  these  sources  are  allowed  to  remain  in  place, 
that  the  groundwater  remedy  at  best  would  achieve  containm«it  of  the 
contamination. 

6.4.2  Approach  to  Remedial  Actions  and 
Innovative  Technologies 

The  approach  for  development  of  remedial  actions  and  innovative  tech¬ 
nologies  is  designed  to  support  the  goal  of  early  risk  reduction  and  con¬ 
tainment  of  offliase  contaminant  migration.  The  approach  involves  con¬ 
ducting  only  those  tasks  necessary  for  and  leading  to  this  goal.  A  key 
objective  is  that  the  ROD  achieve  early  risk  reducrion  through  basic, 
known  technology,  but  be  crquble  of  implementing  innovative  technolo¬ 
gies  as  they  become  ^propriate.  Iimovative  technologies  bring  the 
possibility  of  reducing  overall  operating  costs,  the  duration  of  remedial 
action,  and  overall  costs  of  environmental  restoration.  The  benefit  of 
this  approach  is  a  streamlined  remedial  action  development  process  that 
is  focused  on  the  goal  of  a  timely  decision,  while  maintaining  the  ability 
to  incorporate  advances  in  remedial  technology  to  enhance  remedial 
action  performance.  Consensus  between  McClellan  AFB  and  the  regula¬ 
tory  agoicies  on  this  approach  has  been  obtained  through  several  work¬ 
shops  and  discussions. 

A  range  of  cleanup  strategies  were  identified  to  guide  development  of 
remedial  action  alternatives.  These  strategies  were  reflected  in  the 
development  of  the  target  volumes  presented  in  Chapter  4.  The  target 
volumes,  hence  possible  cleanup  strategies,  were: 

•  Hot  spots,  500  pg/1  or  greater  TCE 

•  MCL,  5  pg/l  TCE  (several  cottqxrimds  exceed  MCLs; 
however,  the  MCL  target  volume  is  largely  controlled  by 
the  extort  of  TCE  in  groundwater) 

*  Health  risk,  10^  increased  lifetime  cancer  risk 

*  Background,  0.5  fig/\,  determined  largely  by  the  extent  of 
TCE  in  groundwater 
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Note  that  a  hot  spot  target  volume  does  not  strictly  reflect  a  cleanup 
strategy,  but  was  considered  in  the  FS  to  better  evaluate  the  relationship 
between  contaminant  mass  removal  and  remedial  action  costs.  Consen¬ 
sus  on  these  target  volumes  was  obtained  between  McClellan  AFB  and 
the  regulatory  agencies  during  a  workshop  held  in  July  1993. 

The  approach  to  the  FS  was  based  on  the  understandings  that  remedial 
action  alternatives  shared  common  elements  of  groundwater  pumping, 
treatment  and  end  use,  and  that  there  are  several  options  for  each  of 
these  elements.  The  approach  to  the  FS  involved  evaluating  and  screen¬ 
ing  the  different  options  based  on  data  that  were  either  immediately 
available  or  could  be  obtained  readily.  Chapter  8  presents  the  develop¬ 
ment  of  groundwater  containment  and  extraction  options  based  on  the 
selected  target  volumes  and  the  evaluation  of  the  available  hydrogeo¬ 
logical  data.  Chapter  9  presents  the  evaluation  and  screening  of 
groundwater  treatment  options.  Screenings  and  selection  of  treatment 
technologies  were  finalized  during  a  murder  board  workshop,  attended  by 
McClellan  AFB  and  the  regulatory  agencies  in  July  1993.  End-use 
options  are  presented  in  Chapter  11.  Possible  end  uses  were  identified 
during  an  August  1993  workshop  attended  by  local  water  districts  and 
other  interested  individuals.  Final  screening  of  all  of  the  different 
options  was  performed  during  an  alternatives  development  woricshop  held 
in  August  1993.  The  screened  groundwater  containment,  treatment,  and 
end-use  options  were  then  assembled  into  remedial  action  alternatives,  as 
discussed  in  Chapter  12.  Detailed  analysis  and  comparison  of  the 
screened  remedial  action  alternatives  is  performed  in  Chapter  13.  The 
alternatives  are  compared  with  each  other,  and  with  EPA's  evaluation 
criteria,  to  identify  the  optimal  alternative.  Chapter  13  also  presents 
budget-level  cost  estimates  for  each  alternative. 

Innovative  technologies  are  new  and  promising  treatment  technologies  for 
site  remediation.  By  definition,  they  are  relatively  unproven  compared 
with  standard  treatment  technologies.  However,  as  discussed  previously, 
innovative  technologies  may  offer  potential  benefits  compared  with 
standard  technologies.  Once  groundwater  containment,  treatment,  and 
end  uses  are  in  place,  innovative  technologies  can  be  incorporated  to 
reduce  the  treatment  burden.  In  situ  processes  could  be  used  to  treat  or 
accelerate  the  extraction  of  contaminant  hot  spots.  Ex  situ  processes 
could  be  used  to  reduce  the  costs  of  treating  extracted  groundwater. 
Because  the  groundwater  would  already  be  hydraulically  controlled,  the 
testing  and  trial  implementation  of  innovative  technologies  would  involve 
minimal  risk  to  the  overall  remedial  action.  As  described  in  Chapter  10, 
the  evaluation,  screening,  and  development  of  innovative  technologies 
follows  a  parallel  track  to  the  development  of  remedial  action  alternatives 
(due  to  their  unproven  nature,  they  were  not  conq>ared  directly  with 
standard  technologies).  Innovative  technologies  converge  with  the 
remedial  action  alternatives  during  the  development  of  implemnitation 
plans  presented  in  Chapter  13.  The  implementation  plans  identify  the 
testing  at  the  bench-,  pilot-,  or  field  demonstration-scale  required  to  fully 
evaluate  the  feasibilify  of  innovative  technologies  or  identify  design  and 
operating  criteria.  Selection  of  the  innovative  technologies  to  be 
evaluated  in  the  FS  was  made  during  the  alternatives  development  work¬ 
shop  held  in  August  1993. 
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The  remedial  action  alternatives  are  developed  based  on  existing  and 
readily  available  information.  Additional  data  that  would  influence  the 
remediation  of  contaminated  groundwater  cannot  be  fully  anticipated  at 
this  time.  These  data  could  become  available  in  the  future.  Two 
approache.  used  in  the  FS  to  address  this  issue  were  the  evaluation  of  the 
possible  uncertainties  that  could  influence  groundwater  remediation, 
including  the  use  of  decision  analysis  (presented  in  Chapter  12),  and 
development  of  a  data  collection  and  management  plan  (Chapter  7). 

These  approaches  provide  the  means  of  monitoring  potential  changes  in 
site  conditions  and  support  the  design  of  a  remedial  action  with  sufficient 
flexibility  to  accommodate  pertinent  new  developments. 


6.5  Addressing  Uncertainties  in  the 
Groundwater  OU  FS 

Decisions  for  the  Groundwater  OU  will  be  made  under  conditions  of 
uncertainty.  While  collection  of  additional  data  could  reduce  the  uncer¬ 
tainty,  the  effort  and  expense  of  such  data  collection  is  unrealistic.  The 
objective  of  the  RI/FS  process  is  not  the  unobtainable  goal  of  removing 
all  uncertainty,  but  rather  to  collect  sufficient  information  to  make  an 
informed  decision  about  which  remedy  is  most  appropriate  for  a  given 
site. 


6.5.1  Uncertainties  Identified  in  the  Project 

In  planning  the  GW  OU  FS,  it  was  recognized  that  McClellan  AFB  had 
collected  a  considerable  amount  of  data,  and  the  challenge  was  to  provide 
an  approach  that  would  lead  to  a  strategically  correct  decision  given  the 
uncertainties.  Several  uncertainties  were  identified  at  the  time  of  the 
preparation  of  the  work  plan; 

•  The  full  extent  of  the  groundwater  problem  is  not  known  for 
the  following  reasons: 

There  is  uncertainty  associated  with  the  potential 
contaminant  source  areas  in  the  vadose  zone. 

The  full  extent  of  contamination  is  unknown. 

The  potential  transformation  products  of  contaminants 
in  groundwater  could  change  the  risks. 

Some  areas  of  the  Base  may  have  new  contaminants. 

There  is  uncertainty  in  several  toxicity-based  water 
quality  criteria. 

*  The  precise  response  of  the  groundwater  system  to  further 
remedial  action  is  not  known. 
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•  The  future  hydrogeological  conditions  are  not  known,  in 
particular  the  long-term  water  levels  and  flow  directions. 

•  The  performance  and  cost  of  iimovative  technologies  are  not 
always  known,  and  future  technologies  may  be,  and  should 
be,  superior  to  those  available  today. 

•  The  remedial  action  for  the  vadose  zone  contamination  and 
source  areas  at  the  Base  is  unknown. 

Additional  uncertainties  identified  during  the  course  of  the  FS  process 
were  the  following; 

•  It  is  not  known  if  the  quality  of  treated  groundwater  will  be 
compatible  with  identified  end  uses. 

•  It  is  not  known  if  there  are  air  permitting  problems  with 
emissions  from  selected  treatment  technologies. 

•  It  is  not  known  how  a  mission  change  for  McClellan  AFB 
would  influence  decisions  made  for  remedial  action. 

These  uncertainties,  qualitative  descriptions  of  the  bounds  on  the  uncer¬ 
tainties,  potential  outcomes,  and  actions  taken  in  the  FS  to  address  these 
outcomes  are  summarized  in  Table  6-2.  A  principal  focus  of  this  FS  is 
the  analysis  of  these  uncertainties  and  the  development  of  remedial  action 
alternatives  and  implementation  plans  with  sufficient  flexibility  to  accom¬ 
modate  uncertainties  in  site  conditions.  The  following  section  describes 
briefly  how  this  was  accomplished  in  the  FS  document. 

6.5.2  Process  of  Addressing  Uncertainties 

A  five-step  process  was  used  in  the  FS  to  identify,  evaluate,  and  accom¬ 
modate  uncertainties  that  could  be  encountered  during  groundwater  reme¬ 
diation  at  McClellan  AFB.  These  five  steps  are: 

•  Identify  uncertainties. 

•  Define  their  bounds. 

•  Identify  or  estimate  potential  impacts. 

•  Measure  outcomes. 

•  Adjust  operations. 

Accomplishing  these  steps  within  the  FS  was  facilitated  by  using  decision 
analysis.  Decision  analysis  depicted  the  relationships  between  decisions 
to  be  made  in  groundwater  remediation  and  the  uncertainties,  and 
analyzed  all  possible  combinations  of  decisions  and  uncertainties  to  select 
an  optimal  remedial  action  strategy.  The  use  of  decision  analysis  in  the 
FS  is  discussed  further  in  Chapter  12.  A  detailed  presentation  of  the 
decision  analysis  process  and  modeling  methodology  is  presented  in 
Appendix  H. 
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Table  «-2 

Addrcssiiis  Uncertainties  in  the  Groundwater  OU  FS 


Mineral  and  elemental  concentrations  in  aquifer.  cost  option, 

groundwater  at  the  point  of  injection. 

Water  districts  would  require  treatment  of 
Mineral  and  elemental  concentrations  in  water  with  granular  activated  carbon  prior 
treated  groundwater.  to  acceptance. 


Identification  of  the  uncertainties  began  with  development  of  the  work 
plan  and  continued  throughout  development  of  the  FS.  In  many  cases, 
effectiveness  of  remedial  action  and  cost  were  factors  in  identifying 
uncertainties.  For  example,  extracted  groundwater  flow  was  identified  as 
a  factor  that  influenced  cost  of  groundwater  treatment  and  discharge  to 
end  uses.  Groundwater  flow  also  is  an  uncertainty  influenced  by  target 
volume  size,  permeability,  hydraulic  conductivity,  and  water  levels. 

These  related  uncertainties,  addressed  in  the  hydrogeological  noodel 
developed  in  Chapter  8,  helped  define  the  range  of  values  for  groundwa¬ 
ter  flow.  In  turn,  groundwater  flow,  as  an  uncertainty  in  the  decision 
analysis  model,  was  a  factor  in  selecting  an  optimal  remedial  action 
alternative. 

Once  identified,  the  next  step  is  to  identify  the  bounds,  or  possible  range 
of  values,  for  each  uncertainty  (a  qualitative  description  of  these  is 
presented  in  Table  6-2).  These  are  estimated  through  calculations 
performed  during  the  FS;  for  example,  flow  rates  required  to  maintain 
capture  of  groimdwater  contaminants  or  order-of-magnitude  cost  esti¬ 
mates  of  treatment  technologies  or  end  uses.  These  bounded  values  were 
used  in  the  decision  analysis  model  to  evaluate  potential  impacts 
associated  with  remedial  action  alternatives;  or,  correspondingly,  select 
the  optimal  remedial  action  alternative  with  the  smallest  potential 
impacts. 

Potential  impacts  associated  with  selection  of  a  remedial  action  alterna¬ 
tive  were  calculated  using  sensitivity  analyses.  Sensitivity  analyses  were 
then  performed  to  identify  the  key  parameters  that  impact  the  strategy. 

A  criterion  for  sensitivity  in  decision  models  is  whether  any  decision 
(e.g.,  selection  of  a  remedial  action  alternative)  changes  when  an  uncer¬ 
tain  parameter  is  set  to  its  extreme  points  (i.e.,  its  10th  and  90th  percen¬ 
tile  values)  while  holding  all  other  parameters  at  their  nominal  values.  If 
no  decisions  are  changed,  the  uncertainty  of  this  parameter  is  relatively 
less  important  to  decisionmaking  compared  with  other  uncertiunties.  The 
sensitivity  analyses  focused  attention  on  those  uncertainties  with  the 
greatest  impact  and  helped  prioritize  data  collection.  Sensitivity  analyses 
also  identified  those  remedial  action  strategies  th^  were  robust,  or  that 
were  feasible  under  conditions  of  great  uncertainty. 

Measurement  of  outcomes  is  a  step  that  occurs  beyond  the  RI/FS,  during 
remedial  design/remedial  action  (RD/RA).  This  step  involves  collection 
of  data  (e.". ,  groundwater  monitoring  data)  that  will  identify  actual 
outcomes  associated  with  groundwater  remediation.  This  step  is 
described  in  greater  detail  in  the  data  collection  and  management  plan 
presented  in  Chapter  7  of  the  RI/FS  report.  Analyses  performed  during 
the  FS,  such  as  trend  analyses  of  groundwater  cmitaminant  data  and  the 
decision  analysis,  have  roles  in  identifying  those  data  most  useful  in 
reducing  uncertainties  associated  with  groundwater  remediation. 

Fiiudly,  design  or  operation  of  the  groundwater  remedial  action  can  be 
adjusted  baaed  on  the  results  obtained  through  the  data  collection  and 
management  plan.  Some  of  these  measurements  (e.g.,  collection  of  addi¬ 
tional  groundwater  monitoring  data  to  refine  the  extent  of  target  volumes) 
will  allow  for  verification  or  adjustment  of  remedial  designs  before  they 
are  installed.  Measurements  of  performance  of  the  remedial  action  will 
then  continue  to  focilitate  continuous  process  improvement. 
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There  are  portions  of  the  contaminated  groundwater  where  the  extent  of 
contamination  has  not  been  sufficiently  defined  to  estimate  a  target 
volume  for  hydraulic  control.  The  most  prominent  area  where  this 
occurs  is  the  deep  groundwater  contamination  (Monitoring  Zones  D  and 
E)  in  OUs  B  and  C.  Because  this  volume  of  contaminated  groundwater 
cannot  be  estimated,  a  specific  capture  analysis  was  not  performed.  To 
accommodate  the  probable  need  to  capture  a  substantial  quantity  of 
groundwater  beyond  the  target  volumes  developed  in  Guqrter  4,  the  deci¬ 
sion  analysis  model  was  developed  to  evaluate  the  uncertainty  of  total 
flow  to  achieve  capture. 

Appendix  H  contains  a  complete  description  of  the  decision  analysis 
model.  The  FS  will  not  specifically  develop  a  capture  analysis  for  the 
deep  contamination  at  OUs  B  and  C,  but  any  change  in  treatment  or 
water  end-use  strategy  due  to  the  need  to  capture  the  deep  contamination 
will  be  identifled  by  the  decision  analysis  model. 

The  presence  of  metals  in  the  groundwater  above  the  action  levels  of  the 
three  target  volumes  remains  a  data  gap  at  this  time.  Based  on  recent 
unflltered  samples,  there  are  metals  at  concentrations  above  MCLs.  The 
issue  is  not  whether  the  metals  are  present,  but  whether  they  are  present 
at  concentrations  greater  than  background  due  to  McClellan’s  operations. 
This  is  relevant  to  the  need  for  McClellan  to  remediate  the  aquifers  due 
to  metals  contamination.  Whether  McClellan  needs  to  perform  a  ground- 
water  remedy  due  to  metals  or  not,  the  groundwater  to  be  extracted  to 
control  the  VOC  target  volumes  may  contain  metals  at  concentrations 
higher  than  allowed  by  the  selected  water  end  use. 

There  is  some  uncertainty  regarding  the  long-term  metal  concentrations 
from  extraction  wells  pumping  continuously.  Filtered  groundwater 
samples  seldom  exceed  MCLs,  and  unflltered  samples  routinely  exceed 
MCLs  for  chromium  and  nickel.  Which  sampling  technique  is  more  rep¬ 
resentative  of  the  extracted  groimdwater  is  debatable,  so  rather  than 
include  metals  treatment  for  all  alternatives,  it  will  be  included  as  a 
potential  contingency  measure.  Initially  the  extracted  water  from  each 
well  will  be  treated  to  remove  metals  until  it  is  determined  if  the 
concentraations  will  be  above  or  below  the  water  end  use  discharge 
limits. 
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Chapter  7 

Data  Collection  and  Management 


Successful  implementation  of  the  groundwater  remedy  requires  the 
collection  of  additional  information  and  incorporation  of  information 
from  the  operation  of  the  remedy  and  from  other  operable  units.  Given 
the  potmtial  long-term  commitment  that  McClellan  APB  is  about  to 
undertake,  it  is  imperative  that  data  collection  and  management  be 
planned  to  minimize  costs  and  to  allow  the  use  of  Total  Quality 
Management  methods  to  minimize  the  cost  of  the  groundwater  remedy. 

Additional  information  is  necessary  for  the  following  reasons; 

•  Reducing  the  uncertainties  prior  to  design  of  the 
groundwater  remedy 

•  Monitoring  and  reporting  compliance  of  the  remedy  to  the 
appropriate  agencies 

•  Monitoring  the  effectiveness  of  the  remedy 

•  Measuring  the  critical  performance  and  cost  parameters  so 
continuous  process  improvement  can  be  applied 

This  chapter  discusses  the  scope  of  each  of  these  data  collection  efforts, 
the  process  for  managing  the  data,  and  the  method  for  providing  infor¬ 
mation  to  the  decisionmakers  and  the  public. 


7.1  Data  Collection  Efforts 

The  following  section  describes  the  data  collection  efforts  for  the 
I  remedial  design,  regulatory  compliance,  effectiveness  measurem^t,  and 

process  improvement  measurements.  A  complete  description  of  the 
monitoring  programs  is  available  in  Appendix  E,  Monitoring  Programs, 
and  monitoring  locations  are  provided  for  each  alternative  in  Ch^ter  13. 

7.1.1  Remedial  Design 

The  uncertainties  that  need  to  be  resolved  during  the  design  of  the 
remedy  are: 

•  Extmt  of  the  contamination  that  exceeds  the  groundwater 

cleanup  goal 

•  Yield  of  the  aquifers  under  punqrage,  particularly  in  OUs 
B/C  and  A 

L 

'  The  extent  of  the  groundwater  contamination  may  be  addressed 

I  Hydropunch  sanqrling  of  the  Monitoring  Zone  A.  Monitoring  wells  will 

be  installed  as  part  of  the  remedy.  Aquifer  tests  will  be  performed  in 
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OUs  A,  B,  and  C  to  measure  the  aquifer’s  yield  and  response  to  extrac¬ 
tion.  The  aquifer  tests  will  be  of  a  longer  duration  than  previously  per¬ 
formed,  most  likely  24  to  72  hours  pumping  and  72  hours  recovery,  and 
monitoiing  will  be  performed  in  multiple  wells  and  zones.  Three  aquifer 
tests  should  be  performed  in  OU  A  and  up  to  six  should  be  performed  in 
the  OU  B/C  plume. 

7.1.2  Compliance  Monitoring  of  the  Remedy 

A  ROD  states  the  performance  requirements  for  the  selected  remedy. 

For  a  typical  extraction,  treatment,  and  end-use  remedy,  such  as  that 
required  at  McClellan  AFB,  the  conqrliance  monitoring  will  include: 

•  Demonstrating  hydraulic  control  by  measuring  water  levels 
and  interpreting  the  flow  paths 

•  Monitoring  water  quality  in  the  aquifer 

•  Monitoring  the  treatmoit  plant  influent  and  efflumt 
concentrations 

•  Monitoring  the  flow  to  the  treatment  plant  and  to  the  end 
use 

•  Monitoring  the  operation  time  and  down  time  of  the  system 

7.1.3  Monitoring  of  the  Effectiveness  of  the 
Remedy 

Every  remedial  action  has  a  fundamental  purpose  for  its  inqrlemmtation. 
Progress  towards  this  fundamental  purpose  of  enviroiunental  restoration 
must  be  measured  to  assess  the  effectiveness  of  the  remedy.  In  addition, 
the  various  remedies  that  will  be  inqrlemented  across  the  Base  need  to  be 
evaluated  compared  to  each  other.  To  perform  this  objectively,  data 
concerning  the  effectiveness  of  each  action  are  needed. 

In  plaiming  the  Groundwater  OU,  the  Remedial  Project  Manager  team 
was  questioned  as  to  how  effectiveness  should  be  defined  for  the  ground- 
water  remedy.  The  following  factors  were  recoimnended; 

•  Risk  reduction  factors 

Level  of  contamination  contained  by  the  remedy 
Reduction  of  potential  exposure 
Reduction  of  concentrations  in  the  groundwater 
Reduction  of  mass  in  the  groundwater 
Reduction  of  risk  to  the  environment 

•  Effectiveness  factors 

Conqrarison  of  remedial  action  goals 
Time  to  achieve  goals 
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Progress  towards  goals 

Reduction  of  mass  in  the  groundwater 

Reduction  of  target  volume 

Continued  assessment  of  risk  via  the  baseline  risk 
assessment 

Reduction  of  contaminant  concoitration 

Mass  removed  from  the  groundwater 

Continued  system  efficiency  and  the  ability  to  reduce 
action  and  cost 

Beneficial  use  of  the  extracted  groundwater 

Effectiveness  measurements  will  continue  over  the  life  of  the  remedial 
action.  The  effectiveness  and  the  compliance  measurements  are  different 
because  they  juve  different  purposes. 

7.1.4  Process  Improvement  Messurements 

A  groundwater  remedy  will  span  many  years  using  today’s  technologies. 
McClellan  AFB  is  committed  to  implementing  innovative  technologies 
today  and  in  the  future  to  reduce  the  overall  cost  of  the  restoration 
program.  Using  technologies  available  today,  locations  for  implementa¬ 
tion  of  the  iimovative  technologies  can  be  identified  for  the  remedy 
today.  But  new  remedial  action  technologies  will  be  developed  continu¬ 
ously  in  the  future,  and  the  areas  where  the  greiUest  bmiefit  of  adding 
innovative  technologies  need  to  be  identified.  In  addition,  the  remedy 
can  always  be  made  more  efficioit  by  continuous  process  improvement. 
These  two  factors,  insertion  of  future  innovative  technologies  and  apply¬ 
ing  continuous  process  improvement,  make  process  improvement  mea¬ 
surements  necessary.  The  process  inqtrovement  measurements  are 
dqF)endent  on  the  remedy,  but  in  general  are  as  follows: 

•  Power  cost  for  puiiq>ing  and  treatment  umt 

•  Maintenance  cost  by  ^stem  component  (treatment  unit, 
pipelines,  piunps,  wells) 

•  Operations  labor 

•  System  downtime  and  cause 

7.1.5  Monitoring  Weii  Locations 

The  groundwater  monitoring  networks  developed  for  the  recommoided 
remedial  action  alternatives  are  designed  to  achieve  two  major  objectives: 
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•  Better  define  the  spatial  distribution  of  contaminants  at  the 
Base  and  allow  rerinement  of  the  remedial  action  target 
volumes 

•  Provide  an  adequate  network  of  monitoring  points  to  assess 
the  effectiveness  of  the  extraction  network  in  containing 
contaminated  groundwater,  or  in  monitoring  the  ground- 
water  flow  in  potentially  contaminated  areas  where  remedial 
actions  are  not  yet  in  place 

New  recommended  well  locations  are  classified  by  their  primary 
function: 

•  Groundwater  quality  wells,  designed  to  improve  the  under¬ 
standing  of  the  spatial  distribution  of  contamination  at  the 
Base.  In  many  cases,  target  volumes  could  be  substantially 
reduced  with  strategic  placemoit  of  some  additional  moni¬ 
toring  wells 

•  Hydraulic  containment  monitoring  wells,  designed  to  pro¬ 
vide  monitoring  of  the  hydraulic  containment  of  contamina¬ 
ted  groundwater  created  by  the  extraction  network 

Conceptual  layouts  of  groundwater  monitoring  networks,  identifying 
numbers  of  wells  and  proposed  locations,  for  each  of  the  target  volumes 
are  provided  in  Appendix  E. 


7.2  Data  Management 

Information  flow  from  the  field  and  laboratory  to  the  decisionmakers  is 
critical  to  the  success  of  groundwater  remediation  at  McClellan  AFB. 

The  data  management  system  assists  this  process  by  providing  a  means  to 
track,  catalog,  and  organize  information.  A  description  of  the  data 
management  plan  for  the  Groundwater  OU  is  presmted  in  Appendix  F. 

7.2.1  Database  Description 

The  database  will  be  use  to  store,  organize,  and  retrieve  historical  and 
new  data  collected  as  a  part  of  groundwater  remediation  at  McClellan 
AFB.  The  database  will  consist  of  the  following  types  of  data  files 
(or  tables): 


Primary  data,  such  as  spatial  data  (describing  locations), 
temporal  data  (describing  events),  and  measuremrat  data 
(quantitative  measurements).  Spatial  data  would  include 
well  locations;  tenqroral  data  would  include  sampling  dates; 
and  quantitative  data  would  include  contaminant  concentra¬ 
tions  or  water  levels. 

Locdnip  data  (or  referential  data)  diat  provide  additional 
information  to  help  in  cross-referoKing  primary  data. 
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•  Dictionaiy  data  that  describe  the  structure  of  the  database. 

7.2.2  Data  Management  Procedures 

An  established  set  of  data  management  procedures  is  required  to  ensure 
consistency  among  data  sets;  integrity  of  the  database;  and  verified, 
usable  data  sets.  The  data  management  procedures  will  consist  of  the 
following: 

•  Data  mapping,  which  involves  defining  proper  names  for 
data  elements. 

•  Electronic  data  interchange,  the  procedures  to  facilitate  data 
interchange  between  McClellan  AFB,  regulatory  agencies, 
and  contractors.  This  would  also  include  procedures  for 
data  interchange  with  Installation  Restoration  Program 
Information  Management  System  (IRPIMS)  and  Technical 
Information  Staff  (ITS). 

•  Data  entry  and  verification,  the  process  of  ensuring  that  data 
are  correctly  entered  into  the  database.  Verification  would 
be  enhanced  by  reliance  on  electronic  transfers,  though 
procedures  for  «n«n»«l  entry  and  verification  of  hard  copy 
data  are  also  included  in  the  data  management  plan. 

•  Data  presentation  and  analysis,  the  presentation  of  data  in  a 
clear  and  logical  format  to  aid  data  analysis  and  decision¬ 
making.  Typ^  of  reports  that  could  be  prepared  are  pre¬ 
sented  below  in  Section  7.2.3.  See  Figure  7-1  for  a 
diagram  of  the  project  information  flow. 

•  Data  administration,  procedures  to  reduce  the  likelihood  of 
errors.  This  would  include  control  of  data  redundancy, 
operations  and  maintoiance,  and  documoitation. 

The  Data  Maiugement  Plan  for  the  GW  OU  is  provided  in  Appendix  F. 

7.2.3  Reports 
Compliance 

Compliance  reports  for  the  existing  Groundwater  Treatment  Plant 
(GWTP)  include  a  monthly  rqrart  to  the  agencies  on  the  influent  and 
efflumt  water  quality  and  the  water  levels  with  the  wellfield. 

Con^liance  reports  for  the  groundwater  remedy  will  be  different  for 
three  reaatms.  Tbe  first  reason  is  die  scr^  of  the  project.  Hie  ground¬ 
water  remedy  will  be  considerably  larger  than  the  existing  extractirm 
systems  and  treatment  facilities.  The  second  reason  is  the  conqionents  of 
the  remecty  may  be  different,  eqiecially  the  aid  use  of  the  treated  water. 
The  third  reason  is  the  turnaround  time  from  compliance  monitoring  to 
compliance  reporting  can  be  shortened  considerably  given  current 
informatitm  technology. 
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The  proposed  compliance  reports  for  the  groundwater  remedy  will  have 
the  following  attributes  and  information: 

•  Optional  electronic  format  for  delivery,  as  well  as  hardcopy 

•  Time  series  analysis  of  the  last  six  monitoring  events  or  6 
months,  whichever  is  greater 

•  Control  chart  style  analysis  of  the  chemical  data  (selected 
VOCs  and  metals),  physical  property  data  (pH,  temperature) 
and  well-specific  risk  data 

•  Operational  measurements,  including  pumping  rate  by  well, 
total  influent,  and  maintenance  activities 

•  Presentation  of  the  capture  zone  (maps  and  cross  sections) 

•  Assessment  of  the  extraction  system’s  effectiveness  with 
respect  to  the  remedy’s  objectives 

•  Recommendations  of  modifications,  if  necessary 

Management  Information 

The  management  information  provided  to  McClellan  Environmental 
Marugement  Restoration  Division  (EMR)  for  maiuigement  and  operation 
of  the  groundwater  remedy  will  include: 

•  Summaries  and  time  series  analysis  of  the  measurements 
related  to  risk  reduction  and  effectiveness  listed  in  Section 
7.1.3. 

•  .Summaries  and  time  series  analysis  of  the  process  improve¬ 
ment  measurements  listed  in  Section  7.1.4. 

7.2.4  Data  Descriptions 

Chemical  Data 

Chemical  data  will  be  collected  during  remedial  design  and  operation  of 
the  remedy.  The  analyses  will  be  refined  over  the  life  of  die  project. 

The  chemical  data  will  be  collected  for  different  objectives,  depmiding  on 
the  phase  of  the  project  and  the  conqionait  of  the  remedy  being  moni¬ 
tored.  The  groundwater  monitoring  program  currently  collects  ground- 
water  samples  for  VOC  analysis  quarterly  for  most  wells,  metals  analysis 
annually,  and  VOC  analysis  annually  for  the  remaining  wells.  Chemical 
data  to  be  collected  during  the  remedy  will  include  ad^tiooal  wells  to 
address  data  gaps,  wells  to  address  performance  of  the  remedy,  wells  to 
address  the  boundary  conditions  of  the  ranedy,  and  wells  to  address 
source  control  and  reduction.  The  philosophy  of  the  monitoring  program 
will  shift  during  reme^al  action  as  conqMued  to  the  currmt  remedial 
investigation  program.  Given  the  long-term  commitment  to  remediiUion, 
the  monitoring  of  chemicals  in  the  aquifer  sluiuld  be  reduced  to  anntully 
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with  the  exception  of  the  wells  along  the  target  volume  boundary,  which 
should  be  monitored  quarterly  at  the  start  of  the  remedy  and  reduced  to 
annually  within  2  years  (unless  the  variability  is  excessive). 

yNat»r  Level  Data 

Water  levels  are  currently  measured  quarterly  using  water  level  sounders. 
McClellan  AFB  currently  expends  15  person-days  a  quarter  (300  wells  at 
20  wells  a  day)  measuring  the  water  levels,  followed  by  data  entiy  and 
interpretation.  A  superior  system  would  allow  the  collection  of  water 
levels  for  the  monitoring  network  at  a  single  time.  This  would  provide 
more  comparable  water  level  data.  In  addition,  given  the  regional 
pumping  influences  and  the  strategy  of  hydraulic  containmmt,  the  water 
level  measurement  program  needs  to  be  bolstered.  Transducers  are 
available  for  the  wells  that  are  critical  to  monitoring  hydraulic  control, 
and  they  are  capable  of  transmitting  pressure  readings  nearly  continu¬ 
ously.  For  the  remedial  action,  it  is  recommended  the  water  levels  from 
the  transducers  be  recorded  daily,  reported  in  a  weekly  time  trend  to 
EMR,  and  reported  monthly  to  the  agencies.  This  program  would  gener¬ 
ate  approximately  36,500  water  level  records  each  year. 

Treatment  System  Data 

Currently,  treatment  system  data  include  analytical  requirements  based  on 
the  National  Pollutant  Discharge  Elimination  System  (NPDES)  permit, 
which  requires  weekly  sampling  of  influent  and  effluent  VOCs;  conduc¬ 
tivity;  pH;  and  other  variables  such  as  turbidity.  In  addition,  monthly 
sampling  of  influent  and  effluent  metal  is  required  including  nickel,  zinc, 
lead,  and  four  others.  Semivolatiles  and  pesticides  are  sampled  for  twice 
a  year.  Current  analytical  costs  reported  by  the  GWTP  operations  con¬ 
tractor  are  approximately  $40,000  per  year.  Air  emissions  from  stripper 
offgas  control  devices  will  require  initial  performance  testing  via  stack 
sampling  and  analysis.  Requirements  for  operation  and  offgas  control 
link  the  offgas  emission  measurement  to  the  water  influent  quality  and 
incinerator  process  variables  and  therefore  do  not  require  periodic  stack 
sampling. 

Alternatives  developed  in  this  study  identify  use  of  the  existing  or 
expanded  GWTP,  and  .  second  facility  on  the  east  side  of  the  Base  using 
similar  technologies  for  groundwater  treatment.  For  these  future  opera¬ 
tions,  sampling  and  analytical  requirements  for  each  facility  are 
anticipated  to  be  similar  to  those  described  above. 

Similar  to  existing  data  collection  at  the  GWTP,  intermediate  process 
streams  may  require  .sampling  to  maintain  good  control  of  the  fruility. 
The  quantify  and  frequmcy  of  these  samples  will  vary  with  the  treatmmt 
technology.  However,  these  analyses,  which  serve  to  identify  individual 
unit  operation  performance  within  the  treatment  fru;ilify,  are  only  recom¬ 
mended  on  a  periodic  basis  to  assist  in  troubleshooting  problems  identi¬ 
fied  through  other  analytical  or  process  measurement  means. 

Process  data  such  as  liquid  levels,  differratial  pressures,  and  flow  rates 
should  be  recorded  through  an  automated  data  collection  and  logging 
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system.  A  summary  of  these  variables  can  be  archived  on  a  weeldy 
basis  to  document  treatment  plant  operation. 
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Chapter  8 

Groundwater  Containment  Options 


As  a  convenieiue  to  the  reader,  all  oversLu  figures 
(11"  X  17"  or  larger)  have  been  located  at  the  end  of  the 
chapter. 

Hiis  section  describes  the  groundwater  flow  model  used  to  develop 
extraction  networks  to  contain  and  extract  contaminated  groundwater 
from  Monitoring  Zones  A,  B,  and  C  at  McClellan  AFB.  Extraction 
networks  were  developed  for  the  target  areas  defined  by  the  MCLs,  the 
10^  cancer  risk,  and  die  background  WOC  concmtrations  (0.5  pg/l).  A 
detailed  description  of  the  developmoit  of  the  target  volumes  is  presmted 
in  Section  4.6.  Hie  following  sections  in  this  cluster  briefly  describe  the 
construction  and  calibration  of  the  groundwater  flow  model.  Appmdix  J, 
Groundwater  Model  Developmmt,  provides  a  more  dialled  description. 


8.1  Overview  of  Groundwater  Extraction 
Technoiogy 

Extraction  of  contaminated  groundwater  coupled  with  groundwater 
treatment  is  the  most  common  remedial  action  implemmted  at  hazardous 
waste  sites  with  groundwater  contamination  problems.  While  the  process 
of  extracting  contaminated  groundwater  through  extraction  wells 
conceptually  qipears  to  be  a  simple  process,  the  success  of  this 
technology  at  meeting  project  objectives  dr^imds  on  many  complex 
factors.  These  factors  can  be  loosely  grouped  into  characteristics  of  the 
contaminated  aquifer  (physical  fiu;tors)  and  characteristics  of  the 
particular  contaminants  presmt  (chemical  factors).  Hie  following  section 
discusses  the  critical  physical  and  chemical  factors  that  must  be 
considered  to  develop  a  successful  groundwater  extraction  remedial 
action.  It  should  be  understood  that  while  groundwater  extraction  is  an 
effective  strategy  for  containing  large  volumes  of  contaminated 
groundwater,  it  is  a  rather  poor  strategy  for  remediation  of  areas  with 
high  contaminant  concoitratioiis,  free  product,  or  low  permeability 
materials. 

8.1.1  Physical  Factors 

The  process  of  extracting  groundwater  containing  contaminants  requires  a 
three-dimensional  framework  of  intercoimected  pores  to  allow  the 
contaminant  molecules  to  move  from  their  origmal  positions  into  an 
extraction  well.  The  primary  aquifer  properties  that  determine  how 
efficiently  a  contaminant  molecule  moves  to  a  nearby  extraction  well 
include  the  tortuosity  of  the  flow  path,  the  presmce  of  dead-^d  pore 
space,  the  heterogeneity  of  the  aquifer  material,  and  the  anisotropy  in 
permeahility  produced  Ity  the  layered  luture  of  sediments. 

Tortuosity  is  an  important  fKtor  in  the  movemmt  of  contamination 
because  it  is  a  measure  of  how  directly  a  molecule  can  move  to  an 
extraction  weU.  If  flow  paths  are  tortuous,  interstitial  groundwater 
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velocities  are  often  reduced,  and  th«e  is  an  increased  probability  that 
contamirumts  will  interact  with  the  aquifer  solids  or  eater  dead-end  pore 
space.  Hie  presence  of  dead-end  pore  space  has  a  significant  impact  on 
the  length  of  tune  required  for  a  conteminated  aquifer  to  reach  a 
particular  cleanup  goal.  As  shown  in  Figure  8-1,  contamination  presmt 
in  the  free  flowing  pores  is  removed  relatively  rapidly  by  the  process  of 
liquid  advection,  or  aquifer  flushing.  Alternatively,  contamination 
present  in  the  dead-end  pore  space  must  first  flow  out  of  the  dead-end 
pores  by  molecular  diffusicm  before  it  can  be  flushed  into  the  extraction 
wells  by  advectirm  (Figure  8-2).  Because  molecular  diffusion  is  driven 
solely  by  concentration  gradients,  the  movement  of  contaminants  out  of 
the  dead-end  pores  will  not  occur  until  late  in  the  remediation,  when 
groundwater  concmtrations  in  the  flushed  pores  has  declined 
significantly.  The  driving  force  for  diffusion  will  also  decrease  as 
conc«itrations  drop,  resulting  in  a  slow  decline  in  groundwater 
contaminant  concentrations  near  the  «id  of  the  remedial  action.  This 
process  is  partially  re^nsible  for  the  "tailing”  of  groundwater 
contaminant  concentrations  oftoi  seen  in  the  late  stages  of  a  remedial 
action. 


Dissolved  contamination 
flushed  by  groundwater  flow 


RGURE  8-1 

ADVECTION  CONTROLLED  REMOVAL 
OF  CONTAMINATION  EARLY  IN 
GROUNDWATER  EXTRACTION 

GROUNDWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO,  CAUFORNIA 
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Dilute  contemlnation 
tov«to  being  flutlMd  by 
groundwater  flow 


Small  quantity  of 
contamination  ramalna 
sorbed  to  aquifer  eoikte 


Dissolved  contaminants  slowly 
moving  out  of  restricted  pores 
by  modular  diffusion 


Clean  groundwater  flows 
into  contaminated  region 
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FIGURE  8-2 

DIFFUSION  CONTROLLED  REMOVAL 
OF  CONTAMINATION  LATE  IN 
GROUNDWATER  EXTRACTION 

GRCXINDWATCR  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO,  CALIFORNIA 


Heterogeneity  and  anisotropy  can  also  act  to  slow  the  progress  of  a 
remedial  actitm.  Both  of  these  factors,  inhermt  in  layered  sediments, 
will  impede  the  progress  of  contaminant  movement  to  an  extraction  well 
if  the  contaminants  reside  at  depths  othm’  than  that  through  which  the 
extraction  well  is  screened,  as  diown  in  Figure  8-3.  Contamination 
moving  upward  or  downward  to  a  nearby  extraction  well  will  be  forced 
to  move  dirough  lower  permeability  material  or  take  a  mote  tortuous 
path  to  reach  the  extractitm  well.  Ihe  sluq>e  of  the  capture  zone  created 
by  an  extraction  wdl  in  hetoogeneous  sedimoits  may  iaffet  considerably 
from  what  would  be  predicted  assuming  isotropic,  homogmeous 
conditions.  As  a  result,  careful  monitoring  of  the  aquifer  reqwnse  to 
puiiq>ing  is  required  to  ensure  that  the  desired  aquifer  target  volume  is 
indeed  captured. 
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Contamination  flow  patha 
around  low  permaabilKy  iayara 


HGURE  8^ 

EFFECTS  OF  HETEROGENEITY  IN  SOIL 
PROPERTIES  AND  ANISOTROPY 
DURING  GROUNDWATER  EXTRACTION 

GROUNDWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO,  CALIFORNIA 
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Chemical  Factors 


The  main  chemical  factors  that  influence  the  success  of  a  groundwater 
extraction  remedy  are  the  affinity  of  a  particular  contaminant  to  interact 
(adsorb)  with  aquifer  solids,  the  solubility  of  the  contaminant,  and  the 
molecular  diffusion  coefficient  of  the  contaminant. 

Adsorption  occurs  when  a  contaminant  molecule  has  a  higher  affinity  for 
the  organic  matter  on  the  aquifer  mineral  grains  than  for  the  water 
flowing  through  the  pores.  The  extent  to  which  contamination  will 
adsorb  to  the  organic  material  is  directly  proportional  to  the 
concentration  of  the  contaminant  in  the  aqueous  phase  (water).  The  mass 
of  contamination  adsorbed  to  organic  material  will  remain  until  the 
aqueous  phase  contaminant  concentration  drops  to  low  levels.  The 
subsequent  removal  of  contaminant  mass  from  the  organic  carbon  phase 
can  be  slow  and  will  increase  the  time  required  for  remediation. 

The  solubility  of  a  contaminant  is  important  because  it  determines  the 
likelihood  that  free  product  will  exist  in  the  aquifer.  A  compound  with  a 
low  solubility  is  more  likely  to  occur  as  a  free  product,  while  a 
contaminant  with  a  high  solubiliQr  is  more  likely  to  occur  in  the  dissolved 
phase.  If  free  product  does  exist  in  the  aquifer,  and  it  is  denser  than 
water,  a  DNAPL  pool  may  form.  The  presence  of  DNAPL  will  greatly 
increase  the  time  required  for  remediation.  DNAPL  pools  dissolve 
slowly  in  groundwater  and  require  only  a  small  mass  of  free  product  to 
sustain  groundwater  concentrations  of  10  to  20  percent  of  contaminant 
solubility  for  hundreds  of  years  (Cohen  and  Mercer,  1993,  Section  4.7). 

The  molecular  diffusion  coefficient  of  a  contaminant  is  a  measure  of  the 
tendency  for  a  molecule  to  diffuse  through  the  liqwd  phase.  While  this 
property  is  less  critical  to  the  success  of  groundwater  remediation  than 
those  discussed  above,  it  is  still  important  because  it  affects  the  rate  at 
which  contamination  presmt  in  dead-end  pore  space  will  migrate  into  the 
free  flowing  pores  and  be  extracted. 


8.2  Uncertainties  in  Groundwater 
Containment  Alternatives 

The  process  of  developing  a  mathematical  model  of  a  complex  physical 
system  requires  that  a  simplifying  assumption  be  made  regarding  the  site 
characteristics.  Site  characteristics  that  are  routinely  simplified  for  the 
purpose  of  numerical  analysis  are  the  spatial  variabilify  of  aquifer 
properties,  the  spatial  distribution  of  contamination,  and  the  temporal 
variation  in  recharge  and  groundwater  pumping. 

The  use  of  a  groundwater  flow  model  to  develop  extraction  network 
designs  necessarily  makes  the  resulting  extraction  networks  subject  to 
these  same  uncertainties.  The  most  significant  uncertainties  in  the  site 
characteristics  used  to  construct  the  groundwater  flow  model  for 
McClellan  APB  are  as  follows: 
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•  The  geometiy  of  the  monitoring  zones  undergoing 
remediation 

•  The  spatial  distribution  of  aquifer  properties  across  the  site 

•  The  spatial  distribution  of  contamination 

•  Future  hydrologic  conditions  that  may  alter  the  effectiveness 
of  the  extraction  system. 

While  all  of  these  uncertainties  do  exist  in  the  input  data  to  the 
groundwater  flow  model,  the  model  is  still  a  valuable  tool  in  the 
conqjarison  of  alternatives  that  require  containing  and  extracting  varying 
volumes  of  contaminated  groundwater.  Since  all  of  the  evaluations  are 
based  on  the  same  set  of  assunqrtions,  all  of  the  alternatives  will  be 
affected  equally  by  any  discrepancies  between  the  site  concq>tual  model 
and  actual  site  conditions.  This  results  in  rdative  comparisons  that  are 
valid,  regardless  of  any  reasonable  deviation  between  actual  site 
conditions  and  the  conceptual  model.  The  uncertainties,  along  with  their 
potential  effect  on  extraction  system  performance,  will  be  discussed  in 
the  following  sections. 

8.2.1  Monitoring  Zone  Geometry 

As  described  ir  Section  4.2,  the  definition  of  the  monitoring  zones  is 
based  on  the  interpretation  of  electrical  geophysical  logs  obtained  from 
testing  of  selected  boreholes  across  the  site.  The  correlation  of  the 
monitoring  zone  contacts  in  areas  between  data  points  is  performed  using 
professional  judgement  and  knowledge  of  the  type  of  depositioiud 
environment  that  existed  when  the  sediments  were  deposited.  Because  of 
the  highly  variable  nature  of  the  sediments  beneath  the  Base,  the  defini¬ 
tion  of  the  monitoring  zones  used  in  the  groundwato'  model  is  a  signifi¬ 
cant  sinqilification  of  actual  site  conditions.  However,  because  the 
method  used  to  detine  the  monitoring  zones  did  not  exclude  any  of  the 
sediments  present  beneath  the  site,  groundwater  extraction  networks 
developed  under  these  assumptions  will  be  effective  at  containing 
contaminated  groundwater  present  in  the  target  volumes. 

8.2.2  Distribution  of  Aquifer  Properties 

Available  information  was  considered  in  estimating  the  distribution  of 
aquifer  properties  in  each  monitoring  zone,  but  it  is  impossible  to  define 
all  of  the  variability  that  actually  exists  at  the  site.  If  the  sediments  are 
more  permeable  than  what  was  assumed  in  the  model,  less  wells  will  be 
needed  to  achieve  capture,  and  each  well  will  be  capable  of  producing 
more  water  than  what  was  simulated  in  the  model.  Convmady,  if  sedi¬ 
ments  are  less  permeable  than  model  assumptions,  more  wells  will  be 
required  to  achieve  capture,  and  each  well  will  produce  less  water. 

The  strategy  used  to  address  the  uncertainty  in  aquifer  yield  was  to 
strongly  weight  the  performance  of  existing  extraction  wells  at  the  Base 
and  assume  that  wells  constructed  in  the  future  will  have  similar  perfor¬ 
mance  characteristics.  Although  the  theoretical  intmpretations  of  some 
aquifer  test  results  suggested  that  extraction  wells  could  produce  higher 
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quantities  of  water  than  what  was  assumed  in  the  model,  field  observa¬ 
tions  do  not  support  these  interpretations.  Therefore,  these  results  were 
weighed  less  heavily.  This  approsch  will  result  in  the  design  of  an 
extraction  system  that  will  be  effective,  even  if  aquifn'  prc^terties  in 
certain  areas  result  in  higher  well  capacities  than  expected. 

8.2.3  Distribution  of  Contamination 

The  uncertainty  regarding  the  distribution  of  ctmtaminadon  at  the  site 
was  addressed  by  using  all  available  groundwater  sanq>ling  data  through 
the  fourth  quarter  of  1993.  Howev^,  significant  uncertainty  remains  in 
areas  where  well  coverage  is  sparse.  Informatioo  obtained  from  the 
construction  of  additional  monitoring  wells  at  the  site  will  be  used  to 
refine  the  target  volumes  during  the  initial  phase  of  the  implementation  of 
the  groundwater  remedy.  If  this  informatitMi  indicates  diat  contaminatimi 
is  more  widespread  than  the  current  target  volumes  indicate,  additioiud 
extraction  wells  will  be  constructed  to  contain  dut  omtamination. 

8.2.4  Future  Hydrologic  Conditions 

The  last  uncertainty  discussed  is  the  influence  of  future  hydrologic 
conditions  on  the  performance  of  the  extraction  network.  This  is  an 
uncertainty  impossible  to  resolve  at  this  time  because  it  is  depentoit  on 
future  activities  near  the  Base,  such  as  groundwater  production  practices 
and  natural  and  artificial  groundwater  recharge.  The  influence  that  rising 
water  levels  will  have  on  the  extraction  network  is  to  require  increased 
pumping  rates  from  the  extraction  wells  to  adiieve  the  same  level  of 
conbunment.  If  water  levels  decline  significantly,  certain  portions  of 
Monitoring  Zone  A  will  dewater  and  contamiiution  once  present  in 
groundwater  will  remain  in  the  soil  profile.  The  extent  of  this 
contaminated  soil  layer  will  dqrend  on  the  magmtude  of  the  water  level 
decline.  The  most  effective  strategy  to  remediate  this  contaminated  soil 
would  be  to  install  soil  vapor  extraction  wdls  and  remove  the 
contaminants  in  the  vapor  phase.  It  is  likely  that  the  proposed 
groundwater  extraction  wells  can  be  converted  to  scnl  vapor  extraction 
wells  once  the  water  levels  fall  below  die  screened  intmval.  Another 
possible  strategy  would  be  to  design  wells  in  areas  of  limited  saturated 
thickness,  such  as  dual-phase  extraction  wells.  This  will  allow  the 
proposed  extraction  tystem  to  also  address  vadose  zone  contamination 
with  minimal  effort  and  cost. 


8.3  Groundwater  Flow  Model 

The  groundwater  flow  model  selected  to  evaluate  the  groundwater  extrac¬ 
tion  alternatives  is  the  three-dimensional,  finite-element  code  MicroFem. 
This  program  is  publicly  available  and  has  been  fully  verified.  The 
modd  was  used  to  simulate  the  regional  groundwater  flow  tyMem  around 
McCldlan  AFB,  encompassing  an  area  of  ai^noximately  100  square 
miles.  The  extent  of  the  regioiud  model  grid  with  respect  to  McClellan 
AFB  is  shown  on  Figure  8-4.  The  sources  of  data  used  as  input  to  the 
model  varied  depending  on  proximity  of  the  Base.  Regional  information 
(transmissivity,  aquifer  thickness,  snd  water  levels)  were  obtained  from 
the  regional  flow  model  of  the  same  general  area  developed  by  S.S. 
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Papadopulos  and  Associates  (1987)  for  Radian  Corporation.  SitC'-specific 
information  was  obtained  from  independent  interpretation  of  aquifer  tests 
conducted  on  wells  at  the  Base  and  from  information  presented  in  the 
Preliminaiy  Groundwater  Opmable  Unit  Remedial  InvestigatiMi  (Radian, 
1992).  Hie  groundwater  model  used  in  this  analysis  does  not  account  for 
the  influence  of  dead-end  pore  qiaces  on  remediation  discussed  in  Section 
8.1.1.  A  more  detailed  description  of  the  devdopment,  calibration,  and 
use  of  groundwater  flow  model  is  included  as  Afqiendix  J. 

8.3.1  Groundwater  Containment  Simulations 

The  groundwato'  flow  model  is  used  to  evaluate  various  extraction 
scenarios  for  differing  volumes  of  contaminated  groundwater.  Target 
volumes  have  been  defined  based  on  where  groundwater  contamination 
levels  exceed  federal  MCLa,  where  risk  from  groundwater  contaminatitm 
exceeds  an  additional  10^  cancer  risk,  where  cmitamination  levels  exceed 
the  assumed  background  concentration  for  VOCs  (O.S  |rg/l).  and  the 
volume  of  groundwatM  whme  TCE  exceeds  500  /rg/l  (hot  spots).  The 
following  discussion  preaents  the  number  of  wells  and  pumping  rates 
required  to  contain  these  estimated  target  volumes. 

It  was  in  these  siinulationa  that  the  groundwater  elevations 

across  the  site  would  remain  constant  during  the  course  of  remediation. 

If  regional  water  levels  continue  to  decline,  the  saturated  thickness  of 
certain  portions  of  the  A  monitoring  zone  may  become  extremely  small, 
or  the  aliments  may  become  completely  dewatered.  If  this  occurs, 
remediation  by  extraction  wells  will  become  impossible.  The  areas  most 
susceptible  to  dewatering  are  east  of  the  runway  in  OU  A,  and  are  shown 
on  Figure  8-S.  This  area  of  the  Base  is  especially  susceptible  to 
dewatming  for  two  reasons.  The  first  is  that  it  is  a  low  transmissivity 
area,  and  groundwater  extraction  will  create  more  drawdown  in  this  area 
than  in  adjacent  higher  transmissivity  areas.  The  second  reason  is  that 
the  base  of  Monitoring  Zone  A  is  at  a  shallower  dqpth  in  this  area,  pro¬ 
viding  less  saturated  thidmess  from  which  to  extract  groundwater  (see 
Figure  3-29  in  tlw  Preliminary  GW  OU  R1  for  the  base  elevation  of  the 
A  zone  across  the  site).  In  the  event  that  a  portion  of  Monitoring  Zone 
A  does  dewater,  existing  extraction  wells  will  be  converted  to  soil  vapor 
extraction  wells,  and  contamination  will  be  removed  in  the  vapor  phase  if 
it  is  a  potential  continuing  source  to  the  groundwater.  As  an  alternative, 
extraction  wells  constructed  in  areas  of  limited  saturated  thickness  may 
be  constructed  at  dual-phase  extraction  wells. 

8.3.2  Operational  Strategy 

Each  groundwater  containment  alternative  was  governed  by  a  similar 
operational  strategy.  The  main  elemoits  of  these  strategies  are 
summarized  below: 

•  Each  extraction  system  must  completely  contain  the 

q>ecified  target  volume,  and  most  contamination  must  be 
captured  in  the  moiutoring  zone  whne  it  resides. 
CMtainment  is  defined  as  the  prevention  of  any 
contaminated  groundwater  from  leaving  a  specified  target 
volume. 
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•  A  limited  quantity  of  contamination  is  allowed  to  move 
between  monitoring  zones  as  long  as  the  location  where 
contaminants  enter  the  receptor  monitoring  zones  is  within 
the  target  volume  for  that  aquifer. 

•  In  no  case  should  contamination  be  allowed  to  leave  a 
contaminated  aquifer  and  enter  an  adjacent  aquifer  outside 
of  the  specified  target  volume. 

8.3.3  Containment  Criteria 

The  definition  of  groundwater  containment  used  in  the  extraction  alterna¬ 
tives  is  that  a  flow  line  started  at  any  location  within  the  target  volume, 
at  any  depth  in  the  aquifer,  moves  toward  and  into  an  extraction  well. 

The  extraction  well  locations  were  ctetermined  on  the  basis  of  the  ground- 
water  flow  directions,  target  volumes,  and  vertical  hydraulic  gradients. 

A  small  number  of  wells  was  simulated  initially,  and  additional  wells 
were  added  to  capture  portions  of  the  target  volume  that  were  moving 
downward  or  outward  past  the  simulated  extraction  wells.  The  well  loca¬ 
tions  were  adjusted  until  the  entire  target  volume  was  captured.  A 
sample  set  of  flow  lines  for  each  monitoring  zone  assuming  the  risk 
target  volume  is  presented  in  Figures  8-6  through  8-8.  These  figures 
show  the  movement  of  groundwater  from  the  boundaries  of  the  target 
volumes  into  the  groundwater  extracti<m  wells.  Tlie  colors  of  the  flow 
lines  represent  die  vertical  position  of  the  flow  lines  in  the  aquifer 
system.  Blue  flow  lines  are  moving  through  Monitoring  Zone  A,  green 
flow  lines  through  Monitoring  Zone  B,  and  red  flow  lines  through 
Monitoring  Zone  C.  It  is  apparmt  that  all  contaminated  groundwater 
within  the  target  volumes  eventuaUy  moves  to,  and  is  removed  by,  the 
extraction  wells.  Also  apparent  is  that  a  majority  of  the  contaminated 
groundwater  is  extracted  in  the  monitoring  zone  in  which  it  resides. 
Similar  plots  were  used  to  verify  that  the  other  extraction  networks  dis¬ 
cussed  here  are  effective  at  completely  capturing  and  removing  contam¬ 
inated  groundwater  at  the  Base.  A  complete  set  of  figures  containing  the 
flow  lines  for  each  extraction  network  is  included  in  Appendix  J. 

Another  significant  charactOTstic  of  all  extraction  networics  is  that  the 
highly  contaminated  portions  (hot  spots)  of  Monitoring  Zone  A  are 
isolated  independently  and  renooved  by  dedicated  extraction  wells.  This 
is  done  to  isolate  groundwater  with  concentrations  as  high  as  1,000  times 
the  concentrations  observed  in  other  portions  of  the  plume.  These  areas 
are  also  locations  where  DNAPLs  are  suspected  to  reside.  It  is  advan¬ 
tageous  to  control  DNAPL-based  contamination  near  the  source  area  as 
opposed  to  inducing  this  high  concentration  contamination  to  flow 
through  areas  of  the  aquifer  with  much  lower  contaminant  concentrations. 
Five  areas  of  high  groundwater  concentrations  have  been  identified  in 
Monitoring  Zone  A.  These  locations  are  shown  on  Figure  8-9. 

8.3.4  Evaluation  of  Alternatives 

The  alternatives  evaluated  in  this  report  are  grouped  according  to 
common  elements.  The  tirst  set  of  groundwater  containment  alternatives 
consist  of  basic  containment  of  each  of  the  target  volumes  described 
above,  with  hot  spot  extraction  by  designated  wells.  The  next  set  of 
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extraction  alternatives  are  the  basic  containment  alternatives,  coupled 
with  injection  end-use  of  the  treated  groundwater  outside  of  the  plumes. 

It  was  necessary  to  quantitatively  evaluate  reinjection  of  the  treatment 
plant  effluent  into  the  regional  aquifer  to  ensure  that  the  injection  will  not 
alter  the  hydrogeologic  conditions  enough  to  compromise  the  containment 
of  the  extraction  network  designs. 

Another  possible  remedial  strategy  is  the  placement  of  injection  wells 
surrounding  the  hot  spot  contamination  areas  so  that  the  flushing  of  the 
hot  spots  could  be  augmrated  with  reinjected  treated  groundwater.  A 
comparison  of  average  time  per  pore  volume  flushed  with  and  without 
hot  spot  reinjection  is  provided  in  Table  8-1. 


Table  8-1 

Comparison  of  Average  Time  per  Pore  Volmne  nnshed 
with  and  widurat  Hot  Spot  Rcnyection 

Time  Per  Pore  Volume  (yrs) 

Location 

Re^jectioa 

With  Reiiyection 

OU  A  -  North 

1.1 

0.8 

OU  A  -  South 

0.9 

0.4 

OU  B 

1.5 

0.5 

OUC 

1.0 

0.4 

OUD 

4.7 

1.7 

Note: 

How  tunes  based  on  assumptions  of  the  groundwater  model  presented  in 
Appendix!  and  an  effective  porosity  of  0.15. 

The  results  of  the  groundwater  modeling  analysis  were  used  to  investi¬ 
gate  the  potential  benefit  of  reinjecting  treated  groundwater  on  the 
perimeter  of  the  hot  spot  extraction  ^sterns.  The  potential  benefit  of 
reinjecting  the  treated  groundwater  is  to  increase  the  available  drawdown 
in  the  vicinity  of  the  hot  spot  extraction  wells,  increasing  the  sustainable 
pumping  rate  in  the  extraction  wells.  This  evaluation  assumed  that  the 
quantity  of  water  extracted  from  the  hot  spots  for  containment  would  be 
reinjected  into  the  A  zone  through  injection  wells  located  around  the 
perimeter  of  the  hot  spots.  These  assumed  injection  well  locations  are 
included  on  the  well  location  maps  presented  for  the  alternatives  includ¬ 
ing  hot  spot  reiiysction. 


The  assumed  ■,  'Jiq)Lag  rate  of  the  hot  spot  extraction  wells  was  then 
allowed  to  double.  The  resulting  water  levels  under  these  increased 
pumping  rates  were  evaluated  with  respect  to  the  base  of  the  A  zone. 
The  results  suggest  that  the  higher  extraction  rates  are  sustainable  in  all 
but  one  of  the  extraction  wells  located  in  the  southern  OU  A  hot  spot. 
The  extraction  rate  of  this  well  was  increased  by  75  percent  to  ensure 
that  a  minimum  of  3  feet  of  available  drawdown  remained  during  extrac¬ 
tion.  These  results  qtply  to  ail  of  the  hot  spot  reinjection  alternatives, 
independent  of  the  target  volume  assumed.  It  should  be  noted  that 
because  these  predictions  are  based  on  the  results  of  the  modeling 
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analysis,  all  of  the  assumptions  used  to  construct  the  groundwater  model 
(presented  in  Appendix  J)  also  tqjply  to  this  evaluation. 


The  extraction  alternatives  evaluated  using  the  groundwater  flow  model 
are  summarized  below: 

•  The  No-Action  Alternative  with  Base  Well  BW-18 
abandoned. 

•  Containment  of  the  background  target  volume. 

•  Containment  of  the  background  target  volume  with 
reinjection  of  treated  groundwater  through  an  injection  well 
located  northwest  of  the  runway. 

•  Containment  of  the  10^  incremental  cancer  risk  target 
volume. 

•  Contaiiunent  of  the  10^  incremental  cancer  risk  target 
volume  with  reinjection  of  treated  groundwater  through  an 
injection  well  located  northwest  of  the  runway. 

•  Containment  of  the  MCL  target  volume. 

•  Containment  of  the  MCL  target  volume  with  reinjection  of 
treated  groundwater  through  an  injection  well  located  north¬ 
west  of  the  runway. 

Background  Target  Volume 

The  background  target  volume  comprises  all  groundwater  where  VOCs 
have  been  detected  above  0.5  pg/1,  which  is  the  detection  level  for  most 
of  the  contaminants  of  concern.  The  extent  of  this  target  volume  in 
Monitoring  Zones  A,  B,  and  C  is  shown  m  Figures  8-10  through  8-12, 
respectively.  The  groundwater  reinjection  wells  surrounding  the  hot 
spots  shown  on  Figure  8-10  only  apply  to  alternatives  including  hot  spot 
reinjection.  Included  on  these  figures  is  the  number  of  extraction  weUs 
that  are  required  to  contain  the  associated  target  volume,  in  conformance 
with  the  operational  strategies  described  above.  The  number  of  extrac¬ 
tion  wells  required  for  containment  of  each  monitoring  zone  and  the 
extraction  rate  of  high  concentration  versus  tow  concentration  con¬ 
taminated  groundwater  are  summarized  in  Table  8-2.  Table  8-3  includes 
the  approximate  capital  and  operations  and  maintenance  costs  (O&M)  of 
the  extraction  network  requited  to  contain  this  target  volume,  with  and 
without  hot  spot  injection.  The  pumping  capacity  of  each  extraction  well 
was  assumed  to  be  10,  IS,  and  20  gpm  in  Monitoring  Zones  A,  B,  and 
C,  respectively.  This  is  based  on  actual  pumping  rates  observed  from 
existing  extraction  wells  at  the  Base.  The  only  exc^ion  to  this  rule  is 
in  areas  of  Monitoring  Zone  A  with  limited  saturated  thickness.  Wells  in 
•  these  areas  were  limited  to  a  pumping  rate  that  resulted  in  a  drawdown 

of  75  percent  of  the  initial  saturated  thickness.  Existing  wells  were 
I  simulated  at  pumping  rates  that  reflect  current  operation. 
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Table  8-2 

Summary  of  Groundwater  Modding  Runs 

Containment  of  Target  Volume  with  Isolated  Hot  Spot  Contammtnt 

Mottiteriag  Zone 

A 

B 

C 

PerOU 

Operable  Unit 

No. 

Wtttt 

Q  (spot) 

No. 

Wells 

Q(gp»») 

No. 

WeOs 

Q(gp^) 

No. 

Wens 

Q 

(gpm) 

Background  Target  Volume* 

OU  A  and  OU  O 

62 

390 

15 

220 

5 

100 

82 

710 

OU  B/C  &.  Offnte 

72 

700 

12 

190 

15 

310 

99 

1,200 

OU  D 

7 

40 

7 

60 

0 

0 

14 

100 

Totals 

141 

1,130 

34 

470 

20 

410 

195 

2,010 

Risk  Target  Volume* 

OVA 

55 

340 

11 

170 

4 

80 

70 

590 

OU  B/C  A  Offsite 

44 

430 

12 

190 

5 

100 

61 

720 

OUD 

7 

40 

7 

60 

0 

0 

14 

100 

Totals 

106 

810 

30 

420 

9 

180 

145 

1,410 

MCL  Target  Volume* 

OU  A  and  OU  a 

50 

280 

10 

150 

1 

20 

61 

450 

OU  B/C 

34 

340 

10 

150 

4 

80 

48 

570 

OUD 

7 

40 

6 

30 

0 

0 

13 

70 

Touts 

91 

26 

330 

5 

100 

122 

1,090 

Hot  Spot  Flows  (Basic  Containment  and  End-Use  Reiigection) 

OU  A 

6 

30 

N/A 

N/A 

N/A 

N/A 

6 

30 

OU  B/C 

10 

90 

N/A 

N/A 

N/A 

N/A 

10 

90 

OUD 

5 

68 

N/A 

N/A 

N/A 

N/A 

5 

68 

Totals 

21 

188 

N/A 

N/A 

N/A 

N/A 

21 

188 

Hot  Spot  Flows  (Hot  Spot  Rentjection)- Extraction  Flows 

OU  A 

6 

60 

N/A 

N/A 

N/A 

N/A 

6 

60 

OUB/C 

10 

180 

N/A 

N/A 

N/A 

N/A 

10 

180 

OUD 

5 

136 

N/A 

N/A 

N/A 

N/A 

5 

136 

Totals 

21 

376 

N/A 

N/A 

N/A 

N/A 

21 

376 

Hot  Spot  Flows  (Hot  Spot  Renyection)— Iigection  Flows 

OU  A 

6 

30 

N/A 

N/A 

N/A 

N/A 

6 

30 

OUB/C 

II 

120 

N/A 

N/A 

N/A 

N/A 

11 

120 

OUD 

5 

80 

N/A 

N/A 

N/A 

N/A 

5 

80 

Touts 

22 

230 

N/A 

N/A 

N/A 

N/A 

22 

230 

These  flows  include  existing  Base  extraction  and  hot  spot  flows  for  basic  conUinment  and  end-use 
reiiyection  options. 

Note; 

N/A  =  Not  applicable. 
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Table  8-3 

Extraction  System  Cost 

Target  Vohime 

Capital  Cost  ($) 

O&M  Cost  ($) 

Without  Hot  Spot  Injectioa 

MCL 

6,600,000 

360,000 

Risk 

8,900,000 

490,000 

Background 

12,800,000 

710,000 

With  Hot  Spot  Iniecdon 

MCL 

7,700,000 

440,000 

Risk 

10,000,000 

570,000 

Background 

13,900,000 

790,000 

lOr^  Incremental  Cancer  Risk 

The  10'*  incremental  cancer  risk  target  volume  includes  all  areas  where 
the  cumulative  cancer  risk  posed  by  groundwater  contamination  exceed 
one  in  one  million.  Figures  8-13  through  8-15  include  the  locations  of 
extraction  wells  required  to  contain  this  target  volume.  The  groundwater 
reinjection  wells  surrounding  the  hot  spots  shown  on  Figure  8-13  only 
apply  to  alternatives  including  hot  spot  reinjection.  The  number  of 
extraction  wells  and  punq>ing  rates  are  summarized  in  Table  8-2.  The 
capital  and  O&M  costs  associated  with  this  target  volume  extraction 
system,  with  and  without  hot  spot  injection,  are  summarized  in 
Table  8-3.  The  assumed  extraction  well  pumping  capacities  for  each 
zone  are  identical  to  that  assumed  for  the  background  target  volume. 

MCL  Target  Volume 

The  MCL  target  volume  comprises  all  groundwater  that  contains  any 
contaminants  above  the  federal  or  state  MCL.  Figures  8-16  through  8-18 
include  the  target  volume  boundaries  and  the  extraction  well  locations 
required  to  contiun  this  target  volume.  Hie  groundwater  reinjection 
wells  surrounding  the  hot  ^ts  shown  on  Figure  8-16  only  apply  to 
alternatives  including  hot  spot  reinjection.  The  results  of  the  simulations 
performed  assuming  this  target  volume,  including  punqiing  rates,  are 
summarized  in  Table  8-2.  The  cost  associated  with  an  extraction  ^stem 
to  contain  this  target  volume,  with  and  without  hot  spot  injection,  are 
summarized  in  Table  8-3. 

8.3.5  Collection  System  Conceptual  Design 

A  conceptual  design  has  been  prepared  to  convey  contaminated 
groundwater  from  the  extraction  wells  to  the  eastern  and  western 
treatment  units.  The  collection  systems  vary  depending  on  the  target 
volumes  described  earlier.  The  collection  ^stem  would  consist  of  single 
wall  pipelines  installed  beneath  the  ground  surface  with  approximately 
3  feet  of  cover  over  the  top  of  the  pipe.  It  is  anticipated  tlut  a  majority 
of  the  pipelines  would  be  installed  in  existing  streets.  The  main 
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conveyance  pipeline  and  extraction  wells  for  the  background  target 
volumes,  the  10^  risk  target  volumes,  and  the  MCL  target  volumes  are 
presented  in  Figures  8-19,  8-20,  and  8-21,  respectively.  The  lateral 
pipelines  from  each  well  to  the  main  conveyance  pipelines  have  not  been 
shown. 

Order-of-magnitude  costs  associated  with  the  piping  for  the  collection 
^stem  are  included  in  the  costs  presented  in  Table  8-3. 

8.3.6  No-Action  Alternative 

The  No-Acdon  Alternative  was  investigated  to  develop  a  basdine  set  of 
conditions  with  which  to  measure  the  benefit  that  any  additional  ground- 
water  remedial  action  will  have  on  conditions  at  the  Base.  In  this 
simulation,  BW-18  was  assumed  to  be  abandoned  because  state  agencies 
and  the  EPA  have  expressed  concern  that  this  well  is  a  potmtial  conduit 
for  cross-contamination  between  aquifers  and  should  be  abandoned.  The 
existing  extraction  wells  currently  operating  at  the  Base  were  included  in 
this  simidation.  Predicted  groundwater  elevations  under  this  alternative, 
existing  extraction  well  locations,  and  all  target  volumes  for  a  particular 
monitoring  zone  are  shown  in  Figures  8-22  through  8-24.  It  is  apparmt 
from  these  figures  that  contamination  in  all  of  the  aquifers  would 
continue  to  migrate  to  the  south-southwest  and  threaten  downgradient 
groundwater  production  wells.  Predicted  vertical  gradients  from  this 
simulation  are  predomirumtly  downward  over  the  Base,  indicating  that 
contamination  will  also  move  downward  into  deeper  aquifers  as  it 
continues  to  move  to  the  south  and  southwest. 


8.4  Groundwater  Model  Accuracy 

In  evaluating  the  required  accuracy  of  a  numerical  groundwat^  model,  it 
is  necessary  to  consider  the  purpose  for  which  it  was  developed.  The 
groundwater  flow  model  was  constructed  for  the  following  purposes: 

•  Estimating  the  number  of  extraction  wells  required  to 
contain  various  target  volumes  of  contaminated  groundwater 

•  Estimating  the  pumping  rates  from  each  extraction  well 

•  Estimating  the  response  of  the  groundwater  ^stem  to 
potential  remedial  actions 

These  estimates  will  be  used  to  develop  budget  level  cost  estimates  for 
the  competing  remedial  alternatives.  While  it  is  inqrortant  to  include  all 
of  the  key  components  of  the  natural  hydrologic  system  so  that  the  per¬ 
formance  of  proposed  extraction  systems  will  be  simulated  appropriately, 
it  is  not  necessary  to  match  the  magnitude  of  observed  water  levels 
exactly. 

The  components  of  the  groundwater  system  that  most  significantly  affect 
extraction  ^stem  performance  are  available  saturated  thickness  from 
which  to  pump,  the  gradient  and  direction  of  groundwater  flow,  and  the 
hydraulic  conductivi^  of  the  materials  in  the  vicinity  of  the  extraction 
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qrstein.  AU  of  these  pamneters  can  be  accurately  simulated  evoi  if  the 
predicted  groundwater  devadons  depart  from  the  observed  from  1  or  2 
feet  Since  the  performance  of  all  of  the  extracdtHi  systmns  evaluated 
will  be  compared  using  the  same  assuttpdrms  regarding  these  para¬ 
meters,  conparisons  between  conpedng  alternadves  will  be  valid  even  if 
the  site  characterisdcs  do  not  exacdy  match  site  condidoiu. 


8.5  Inadequacy  of  the  Existing  Extraction 
System 

The  existing  extracdon  system  at  McClellan  AFB  captures  a  small 
pordon  of  die  groundwater  contaminadon  presmt  at  die  site.  The  extent 
of  the  ^proximate  c^ture  zones  created  by  existing  extracdon  in 
Monitoring  Zones  A,  B,  and  C  is  shown  in  Figure  8-25.  The  five  most 
contaminated  areas  of  the  A  zone  discovered  to  date  are  also  shown  in 
Figure  8-25.  It  is  apparent  that  only  one  of  the  five  highly  contaminated 
areas  are  addressed  by  existing  extracdon:  therefore,  the  majority  of  the 
crmtaminant  msM  in  the  groundwater  will  continue  to  move  downgradimt 
and  threaten  nearby  municipal  supply  wells.  The  number  of  extracdon 
wells  that  are  curroidy  in  operadon  at  the  Base  r^resents  less  than 
10  percent  of  the  total  number  of  extracdon  wells  estimated  necessary  to 
effecdvely  contain  the  smallest  target  volume  (MCL).  These  esdmated 
c^ture  zones  for  the  existing  extracdon  wells  were  developed  assuming 
that  BW-18  is  abandoned.  This  is  based  on  agency  concenis  that  BW-18 
is  a  potential  conduit  for  cross-contaminadon  betwem  aquifers.  If 
BW-18  remains  in  service,  much  of  the  OU  B  and  OU  C  plume  may  be 
contained  by  the  influence  of  this  pimping.  However,  the  use  of  BW-18 
as  an  extracdon  well  is  not  an  effecdve  means  of  removing  contaminated 
groundwater.  BW-18  produces  ipproximately  1,000  gpm,  most  of  which 
is  extracted  from  the  reladvely  uncontaminated  Monitoring  Zone  D. 

This  flow  is  similar  to  the  entire  flow  of  the  MCL  target  volume 
extracdon  ^stem  (1,190  gpm).  Therefore,  the  use  of  this  well  will 
result  in  a  much  larger  volume  of  low  concmtradon  groundwater 
requiring  treatment,  instead  of  a  smaller  volume  of  higher  concentradon 
contaminated  groundwater. 


8.6  New  Groundwater  Contamination 

The  distribudon  and  extmt  of  groundwater  contaminadon  is  one  of  the 
most  fundamental  futors  in  the  definidon  of  the  concqitual  model  and 
therefore  the  determinadon  of  the  necessary  remedial  acdon.  The 
present  conceptual  model  regarding  die  extent  of  contamination  is  a 
funcdon  of  the  monitoring  network  that  is  currenUy  in  place.  As  new 
mcmitoring  points  are  added  to  the  network,  the  concqjtual  model  wiU  be 
revised  to  include  die  new  data.  As  a  result,  it  is  cridcal  that  the  concep¬ 
tual  model  be  flexible  and  diat  a  mechanism  be  developed  for  the  smoodi 
integradon  of  new  infbrmadon  into  the  site  profile. 
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Before  a  methodology  can  be  developed  for  addressing  a  modified  under¬ 
standing  of  die  extent  of  contamination,  two  types  of  contaminatitm  need 
to  be  defined:  additional  and  new.  Adcfitional  contamination  is  defined 
as  contaminatim  discovered  in  areas  adjacent  to  existing  target  areas. 

This  type  of  contamination  singly  refines  the  bmmdaries  of  an  area 
already  suqiected  of  containing  contaminated  groundwater.  New  contam¬ 
ination  on  the  other  hand  is  defined  as  contamination  discovered  in  an 
area  entirely  sqiarate  from  existing  known  contamination  areas.  This 
type  of  contamination  suggests  a  new  and  isolated  source  area  in  portitms 
of  the  Base  previously  considered  clean.  The  uncertainties  that  govern 
these  contamination  types,  along  with  the  method  by  which  they  will  be 
integrated  into  the  concqitual  model  of  the  site,  will  be  discussed  below. 

8.6.1  AddKionai  Contamination 

Additional  contamination  will  be  the  result  of  uncertainty  in  the  represNi- 
tativoiess  of  groundwater  contaminant  concentrations  measured  at  a 
particular  well.  Since  the  distribution  and  extent  of  contamination  is 
determined  based  on  interpolation  between  known  data  points,  it  must  be 
as.sumed  that  each  measured  data  point  is  r^resmtative  of  a  particular 
portion  of  the  monitored  aquifer.  Where  this  assumption  is  invalid, 
sanqiles  collected  from  newly  constructed  monitoring  wells  will  provide  a 
basis  for  modifying  the  target  volume  in  the  vicinity.  This  modified 
target  volume  will  then  be  incorporated  into  the  site  conceptual  model. 
The  course  of  action  required  to  address  the  discovery  of  additional 
contamination  will  be  to  install  additional  extraction  weUs  so  that  the 
zone  of  containment  is  extmded  to  mconqiass  the  newly  defined  target 
volume.  Another  possible  maimer  by  which  additional  contamination 
could  be  addressed  is  by  increasing  the  extraction  rate  from  existing 
extraction  wells  located  near  the  additional  contamination.  The  success 
of  this  approach  will  be  constrained  by  the  maximum  pumping  rate  that 
can  be  achieved  by  individual  extraction  wells.  This  will  be  evaluated  on 
a  case-by-case  basis  according  to  field  data. 

8.6.2  New  Contamination 

New  contamination  will  only  be  discovered  during  investigation  in  areas 
previously  considered  uncontaminated,  or  where  no  investigation  has 
been  ccmducted.  The  main  uncertainty  that  will  result  in  this  type  of 
contamination  being  discovered  is  whether  the  developed  target  volumes 
mcompass  all  of  the  potential  source  areas  at  the  site.  The  discoveiy  of 
new  contamination  strongly  suggests  that  a  source  area  exists  in  an  area 
not  previously  identified  as  a  potential  threat  to  groundwater.  The  course 
of  action  that  will  be  required  to  address  new  contamination  will  be  more 
involved  than  that  required  for  additional  contamination.  The  iqiproxi- 
mate  horizontal  and  vertical  extoit  of  contamination  will  need  to  be 
defined  before  the  scope  of  the  remedial  action  can  be  ascertained.  This 
information  is  necessary  to  decide  whether  extracted  groundwater  can  be 
conveyed  to  existing  treatment  facilities  or  whether  the  contaminated  area 
is  large  enough  to  warrant  construction  of  a  new  treatment  facility  at  the 
site.  Once  the  extent  of  contamination  is  determined,  the  appropriate 
remedial  action  can  be  inqilemrated.  If  it  appears  that  a  significant 
vadose  zeme  source  is  related  to  the  groundwater  contamination,  vadose 
zone  remediation  may  be  warranted  to  accelerate  required  cleanup  times. 
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8.6.3  Cleanup  Time  Required 


The  time  required  to  clean  up  a  contaminated  aquifer  is  dependent  upon 
several  variables.  Contaminant  type,  initial  concentration,  remedial 
target  concentration,  and  aquifer  characteristics  all  affect  cleanup  time. 
The  following  equation  is  used  to  estimate  concentration  decay  of  a 
conservative  constituent  with  time  and  proves  to  be  an  effective  tool  to 
estimate  the  required  time  to  remediate  a  contaminated  aquifer. 

-k— 


C;  =  Influent  Concentration 

C„  =  Initial  Concentration 

k  =  Leaching  Efficiency 
t  =  Time  to  Cleanup 

=  Time  to  Pump  One  Pore  Volume 

Calculations  were  performed  to  estimate  the  time  required  to  remediate 
TCE  contamination  at  the  Base.  To  apply  this  equation  at  McClellan 
AFB,  values  for  each  of  the  parameters  listed  above  were  estimated. 

The  initial  concentrations  used  are  representative  of  groundwater 
contamination  levels  detected  in  the  plumes  outside  of  the  hot  spots  at  the 
Base.  The  leaching  efficiency  value  is  a  surrogate  parameter  that  reflects 
the  lithology  through  which  the  contaminants  move.  Porous  materials 
such  as  sand,  that  flush  efficioitly,  have  high  values  of  k  (0.6).  Material 
that  is  slow  to  flush,  such  as  silt  and  clay,  has  lower  k  values  (0.2) 

(ILRl,  1973).  The  time  to  pump  one  pore  volume  (2  to  11  years)  was 
estimated  based  on  the  groundwater  flow  model  described  earlier.  With 
all  of  these  parameters  estimated,  the  equation  was  used  to  estimate  the 
concentration  in  the  aquifer  (C^  over  time  for  various  combinations  of 
these  parameters.  An  approximate  time  to  remediate  was  then  estimated 
by  selecting  a  fitud  remedial  action  concentration  (MCL  or  background) 
and  selecting  the  corresponding  time.  It  must  be  noted  that  the  above 
equation  estimates  time  to  clean  up  for  a  conservative  tracer  only.  To 
apply  these  calculations  to  a  contaminant  that  interacts  with  the  aquifer 
solids,  the  retardation  factor  for  that  contaminant  must  be  considered. 

The  actual  remediation  time  is  directly  proportional  to  the  retardation 
factor  for  that  chemical.  A  retardation  factor  of  2  was  assumed  for 
TCE,  which  resulted  in  the  cleanup  time  for  TCE  being  twice  that 
estimated  for  the  conservative  tracer. 

The  results  of  these  time  to  cleanup  calculations  are  summarized  in 
Figures  8-26  and  8-27  and  Table  8-4.  Figures  8-26  and  8-27  show 
contrasting  decay  curves  for  two  sediment  types,  an  assumed  initial  TCE 
concentration  of  40  /rg/1,  and  flushing  rates  of  2  and  6  years  per  pore 
volume.  Table  8-4  also  presents  estimates  of  the  time  required  to  reach 
two  different  remedial  objectives  (MCL  and  background)  under  varying 
assumptions.  These  results  indicate  that  the  performance  of  a 
groundwater  extraction  ^stem  is  strongly  dependent  on  the  flushing 
efficiency  (time  per  pore  volume)  induced  in  the  contaminated  aquifer. 

If  flushing  rates  of  approximately  2  years  per  pore  volume  can  be 
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Table  8-4 

SuDunary  of  TCE  Time  to  Cleanup  Calculations 

Estimated  Time  to  Reach  TCE  MCL  in  Years  (5  pg/l) 

Silty  Material 

Sandy  Material 

Initial  TCE 
Concentration 
0*8/1) 

2  yrs/ 
Pore 

VoL 

6  yrs/ 
Pore 

VoL 

11  yrs/ 
Pore 

VoL 

2  yrs/ 

Pore 

VoL 

6  yis/ 
Pore 

VoL 

It  yrsj 
Pore 

VoL 

20 

20 

60 

100 

12 

35 

60 

40 

28 

85 

155 

18 

50 

95 

60 

34 

100 

185 

20 

60 

no 

Estimated  Time  to  Reach  TCE  Background  in  Years  (0.5  ji^) 

Silty  Material 

Sandy  Material 

Initial  TCE 
Concentration 
(>*8/1) 

2  yrs/ 
Pore 

VoL 

6  yrs/ 
Pore 

VoL 

11  yrs/ 
Pore 

VoL 

2yrs/ 

Pore 

VoL 

6  yrsj 
Pore 

VoL 

11  yrs/ 
Pore 

VoL 

20 

50 

150 

270 

30 

90 

165 

40 

60 

175 

320 

35 

105 

195 

60 

65 

190 

350 

40 

115 

210 

Notes: 

I.  These  time  to  cleanup  estimates  are  based  entirely  on  the  assumptions  stated 
here  and  the  equation  presented  above.  Actual  field  resulu  may  vary 
considerably  because  of  site-specific  field  conditions. 

2.  This  analysis  assumes  a  retardation  factor  for  TCE  of  2.0.  The  actual 

retardation  factor  experienced  at  a  particular  site  will  depend  on  the  organic 
carbon  content  of  the  site  soils. 

achieved,  cleanup  times  of  15  to  60  years  could  theoretically  be 
achieved.  However,  site  conditions  at  McClellan  APB  suggest  that  this 
rate  of  flushing  is  not  achievable  with  a  reasonable  number  of  extraction 
wells.  According  to  groundwater  model  simulations,  flushing  rates 
through  most  of  the  target  volumes  at  McClellan  AFB  are  in  the  range  of 
2  to  6  years  for  the  extraction  networks  presented.  Small  areas  of  the 
target  volumes  do  have  lower  flushing  rates  of  approximately  10  to 
12  years.  This  suggests  that  the  time  required  to  completely  remediate 
the  contaminated  aquifers  to  MCLs  will  likely  approach  100  years,  and 
the  time  required  to  reach  background  levels  will  likely  exceed 
100  years. 

These  estimates  are  presented  only  to  bound  the  amount  of  time  that  may 
be  required  >.o  remediate  the  contaminated  aquifers  at  McClellan  AFB. 
The  actual  time  to  cleanup  depends  on  many  site-specific  factors  that  are 
not  accounted  for  in  this  simplified  analysis.  Biodegradation  of 
contaminants,  the  presence  of  DNAPL ,  physical  constraints  on  effective 
flushing  such  as  low  permeability,  and  the  desorption  kinetics  of 
particular  contaminants  will  influence  the  actual  concentration  decay 
behavior  observed  in  the  field.  Because  of  this  great  degree  of 
uncertainty,  the  actual  progress  of  cleanup  observed  during  remediation 
nuiy  be  significantly  different  from  the  rates  presented  here. 
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8.6.4  Order-of-Magnitude  Extraction  Cost  Estimate 


Order-of-nugnitude  cost  estimates  were  prepared.  Cost  curves  were 
developed  using  well  construction  and  pipeline  sizes  specifically  for 
McClellan  AFB  extraction  alternatives.  These  estimates  are  expected  to 
be  accurate  within  +50  percent  to  -30  percent.  Table  8-3  summarizes 
capital  and  O&M  costs  for  extraction  systems  in  each  target  volume. 
O&M  costs  include  pumping  and  power  costs. 
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Chapter  9 

Groundwater  Treatment  Options 


9.1  Introduction 

Cost  estimates  for  both  grass  roots  new  facilities  and  modifications  to  the 
existing  GWTP  are  intended  to  be  accurate  to  the  order-of-magnitude, 
+SD  percent  and  -30  percent  level.  Assumptions  made  in  the  develop¬ 
ment  of  the  estimates  are  summarized  in  the  following  sections.  The 
estimates  produced  are  used  for  comparison  among  technologies  during 
the  option  screening  and  alternative  development  phase  of  the  FS. 

Once  the  options  are  screened  and  the  alternatives  are  assembled,  budget 
level  costs  for  specific  treatment  systems  with  fixed  capacities  are 
calculated  and  docummted  in  Appendix  R,  Budget  Level  Cost  Esti¬ 
mating.  The  results  of  the  budget  level  comparison  are  presented  in 
Chapter  13. 


9.2  Standard  Treatment  Technologies 

The  following  five  groundwater  treatment  technologies  were  considered 
as  the  set  of  standard  treatment  technologies  for  the  GW  OU  FS; 

•  Ultraviolet  (UV)  ozone  advanced  oxidation  process  (AOP) 

•  UV/hydrogen  peroxide  AOP 

•  Ozone/hydrogen  peroxide  AOP 

•  Air  stripping 

•  Liquid-phase  granular  activated  carbon  (LGAC) 

The  air  stripping  technology  releases  a  residual  gas  stream.  To  treat  this 
residual  gas  stream,  three  offgas  treatment  technologies  were  considered 
in  addition  to  the  groundwater  treatment  technologies.  The  offgas  treat¬ 
ment  technologies  are: 

•  Catalytic  oxidation  (CatOx) 

•  Thermal  incineration 

•  Vapor-phase  granular  activated  carbon  (VGAC) 

The  groundwater  and  offgas  treatment  technologies  are  discussed  in  the 
following  subsections.  Figure  9-1  provides  a  schematic  representation  of 
each. 
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9.2.1 


Water  Treatment  Technologies 


UV/Ozone  AOP 

This  technology  treats  groundwater  by  chemically  oxidizing  the  VOCs 
present.  Most  reaction  products  are  expected  to  be  nonhazardous  and  to 
remain  in  the  groundwater.  Excess  ozone  gas  does  create  a  residiud 
offgas  stream,  whidi  may  contain  some  VOCs.  This  offgas  is 
decomposed  in  a  catalytic  decomposer,  which  removes  any  residual 
ozone  and  VOCs.  Equipment  required  for  this  technology  includes  a 
reaction  vessel  or  a  number  of  series  vessels,  UV  lanqjs  and  power 
sources,  an  ozone  goieration  system,  and  the  catalytic  decomposer. 

UV/Hydrogen  Peroxide  AOP 

Tliis  technology  treats  the  groundwater  by  chemically  oxidizing  the 
VOCs  witti  hydrogen  peroxide.  The  reaction  is  enhanced  through  the 
presence  of  UV  light.  It  is  similar  to  ozone/hydrogm  peroxide  AOP. 

The  reaction  takes  place  in  a  reaction  vessel  sized  to  give  a  specific 
reaction  time.  Equipment  needed  includes  the  reaction  vessels  with 
integral  UV  lamps,  pumps,  and  hydrogen  peroxide  tankage  and  contain¬ 
ment.  Utilities  needed  include  power  to  drive  the  UV  lamps,  hydrogen 
peroxide  delivery,  and  storage  and  transfer  facilities.  This  is  a  destruc¬ 
tive  process  with  minimal  venting.  Unlike  ozone/hydrogen  peroxide 
advanced  oxidation,  no  gas  stream  is  added  to  the  reactor.  Similarly, 
essentially  all  VOCs  present  are  expected  to  be  oxidized  to  nontoxic 
reaction  products  that  pass  from  the  system  into  the  treated  water. 

Ozone/Hydrogen  Peroxide  AOP 

This  technology  treats  the  extracted  groundwater  by  chemically  oxidizing 
the  VOCs  to  carbon  dioxide,  water,  and  dissolved  hydrogen  chloride. 

The  ozone  and  hydrogen  peroxide  are  contacted  with  the  groundwater 
stream  in  a  reactor  vessel.  Equipment  reqmred  includes  an  ozone  gener¬ 
ator,  punq)s,  hydrogen  peroxide  tankage  and  contiumnoit,  and  a  large 
reaction  vessel.  Utilities  required  include  power  for  generation  of  ozone, 
hydrogen  peroxide  delivery,  and  storage  and  transfer  focilities.  This 
process  is  a  destructive  process  because  the  VOCs  are  reacted  into  non¬ 
toxic  products  that  exit  with  the  groundwater  stream.  Excess  ozone  is 
vmted  from  the  reactor  through  a  catalytic  voit  control  device,  which 
decomposes  any  excess  ozone  to  oxygen.  Figure  9-1  shows  a  generic 
AOP  to  sinq>lify  the  presentation  with  all  three  oxidizing  agents  used. 
Each  of  the  technologies  presented  in  these  paragraphs  would,  in  reality, 
only  use  two  of  the  three  agoits  shown  in  Figure  9-1.  The  catalytic 
ozone  deconqx>ser  would  only  be  used  on  processes  that  fed  ozone  to  the 
reaction  vessel. 

Air  Stripping 

Air  stripping  uses  a  tower  to  contact  groundwater  flowing  downward 
with  air  flowing  upward.  Packing  is  used  to  break  the  groundwater 
stream  into  small  droplets  in  the  tower  and  enhance  air-groundwater 
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contact.  As  a  result  of  this  contact,  VOCs  transfer  from  the  groundwater 
to  the  gas  and  exit  the  tower  in  an  offgas  stream.  Air  stripping  equip¬ 
ment  required  includes  the  tower  (approximately  40  feet  tall)  an  air 
blower,  and  pumps.  Utilities  required  include  power  to  drive  pumps  and 
blowers  to  move  the  groundwater  and  air.  Residuals  generated  include 
the  offgas,  which  may  require  treatment  before  discharging  to  the 
atmosphere. 

Liquid-Phase  Activated  Carbon 

Carbon  is  used  for  groundwater  treatment  to  remove  a  wide  variety  of 
chemicals,  including  VOCs.  This  technology  woiics  through  adsorption 
of  the  contaminant  chemical  q>ecies  onto  the  carbon.  For  most  VOCs,  a 
carbon  bed  will  provide  a  high  (greater  than  95  percent)  removal  of 
compounds  until  it  is  saturated  or  loaded  with  contaminants.  Topically, 
two  carbon  beds  will  be  used  in  series.  The  first  bed  will  be  online  until 
it  is  fully  loaded,  allowing  the  second  bed  to  catch  the  breakthrough 
contaminants  before  final  discharge.  Once  a  bed  is  loaded,  carbon  ven¬ 
dors  are  employed  to  remove  the  spent  carbon  and  refill  the  bed.  The 
spent  carbon  is  thermally  regenerated  at  a  vendor  facility.  Equipment 
required  consists  of  aboveground  stdd-mounted  tanks  that  contain  the 
carbon  beds  and  pumps.  Utilities  required  include  power  to  drive 
pumps.  The  only  residual  generated  is  the  spent  carbon,  which  is  treated 
by  a  vendor. 


9.2.2  Offgas  Treatment  Technologies 
Cataiytic  Oxidation 

This  offgas  treatment  technology  oxidizes  VOCs  in  the  air  stripper  offgas 
by  heating  the  offgas  and  passing  it  through  a  catalyst  bed,  which 
enhances  the  oxidation  of  VOCs  to  nontoxic  water  vapor,  carbon  dioxide, 
and  hydrochloric  acid  (HCl).  HCl  can  be  removed,  if  it  is  present  in 
significant  amounts,  with  a  separate  scrubber.  Equipment  required 
includes  a  packaged  oxidizer  system  and  stack,  and  utilities  required 
include  power  for  fans  and  natural  gas  to  heat  the  air.  If  scrubbing  is 
required,  sodium  hydroxide,  storage,  delivery,  and  distribution  systems 
are  required.  Residuals  include  HCl,  which  is  present  in  the  offgas.  Air 
stripper  offgas  streams  usually  do  not  contain  HCl  concentrations  high 
enough  to  require  treatment  before  discharge  following  a  CatOx  unit. 

Thermai  incineration 

This  offgas  treatment  technology  uses  a  heating  source,  typically  natural 
gas,  to  heat  the  offgas  to  a  point  where  the  airborne  contaminants  will 
oxidize  through  combustion  with  atmospheric  oxygen.  The  resulting 
postcombustion  stream  will  contain  carbon  dioxide,  carbon  monoxide, 
HCl,  and  residual  levels  of  sulfur  and  nitrogen  oxides  (SO,  and  NOJ. 
HCl  may  require  removal  with  a  separate  scrubber;  although  HCl  emis¬ 
sion  rates  are  not  anticipated  to  be  significant  for  groundwater  treatment 
I  operations  in  the  GW  OU  FS.  The  equipment  needed  for  this  treatment 
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technology  includes  a  combustion  chamber  and  a  heat  exchanger  to 
preheat  the  feed  gas  with  heated  exhaust. 

Vapor-Phase  Granular  Activated  Carbon 

Carbon  is  also  used  to  treat  air  stripper  offgas.  The  adsorption  mech¬ 
anism  for  airborne  VOCs  is  similar  to  that  described  above.  In  gas- 
phase  adsorption,  water  vapor  in  the  gas  stream  adversely  affects  VOC 
adsorption.  Duct  heaters  are  used  to  raise  the  relative  humidity  of  the 
offgas  to  enhance  VOC  adsorption  and  fiberglass  vessels  that  house  the 
carbon  beds  and  a  stack.  Utilities  required  include  power  for  fans  to 
drive  the  offgas  through  the  carbon  bed  and  the  heater.  Residuals 
include  the  carbon,  which  is  regenerated  offsite. 


9.3  Technology  Screening  Criteria 

It  was  determined  that  certain  treatment  technologies  could  be  eliminated 
from  the  evaluation  process  through  a  preliminary  screening  effort  using 
three  major  criteria:  effectiveness,  robustness,  and  inqrlementability.  To 
objectively  screen  the  technologies,  each  criterion  was  divided  into 
measurable  factors.  The  paragraphs  below  describe  the  measurable  fac¬ 
tors  associated  with  the  criteria. 

9.3.1  Effectiveness 

Three  measurable  factors  were  identified  for  this  criterion:  level  of 
treatment  for  individual  compounds,  degree  of  treatment  consistency,  and 
residuals  generated.  Given  that  most  standard  technologies  have  the 
ability  to  remove  compounds  at  a  high  removal  efficiency  and  in  a  con¬ 
sistent  manner,  residual  generation  was  in  some  cases  seen  to  be  a  dif¬ 
ferentiating  factor  between  technologies. 

9.3.2  Robustness 

Robustness  was  divided  into  four  measurable  factors:  vendor  avail¬ 
ability,  state  of  development,  relative  cost,  and  jjermitting  issues. 

9.3.3  Implementability 

This  criterion  was  divided  into  three  measurable  factors  to  assist  in  the 
screening  process:  the  number  of  compounds  treated,  turndown  capabil¬ 
ity,  and  relative  response  to  upsets. 


9.4  Technology  Screening  Results 

9.4.1  Screening  Methodology 

The  weighted  sum  method  was  used  to  screen  the  options.  This  method 
is  a  quantitative  method  for  screening  and  ranking  the  remediation  tech- 
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nologies.  It  provides  a  means  of  quantifying  the  important  and  relevant 
criteria  to  help  evaluate  cost-effective  remediation  technologies.  This 
method  involved  the  following  four  steps; 

•  Listing  the  important  issues  of  each  of  the  three  screening 
criteria. 

•  Assigning  weights  which  sum  to  100  for  each  of  the  criteria 
in  relation  to  its  importance.  For  instance,  the  effectiveness 
of  technology  was  considered  more  important  than  its 
robustness.  Hietefore,  the  former  was  given  a  weight  of 
40,  and  the  latter  was  given  a  weight  of  30. 

•  Scoring  each  issue  using  a  scale  of  0  to  S,  agamst  each 
criterion.  The  justification  for  the  scoring  was  based  on 
information  compiled  for  each  technology  as  summarized  in 
Tables  I-l  through  1-8  in  Appendix  I. 

•  Multiplying  the  percent  score  of  each  criterion  by  the  weight 
of  the  criterion,  the  option’s  overall  weighted  score  was 
determined. 

Table  9-1  summarizes  the  weighted  score  of  each  technology. 


Table  9-1 

Technology  Scoring  Summary 

Technology 

Weighted  Score 

UV/Ozone  AOP 

73 

UV/Hydrogen  Peroxide  AOP 

78 

Ozone/Hydrogen  Peroxide  AOP 

77 

Air  Stripping 

84 

LGAC 

87 

Catalytic  Oxidation 

81 

Thermal  Incineration 

81 

VGAC 

82 

9.4.2  Murder  Board  Summary 

Using  the  weighted  scoring  evaluation  of  the  eight  standard  treatment 
technologies,  the  feasibility  of  each  was  then  determined  at  the  Murder 
Board  meeting  in  Sacramento,  California.  During  this  session,  the  eight 
available  technologies  were  narrowed  to  six.  UV/ozone  AOP  was  deter¬ 
mined  to  have  too  low  of  a  weighted  score  as  indicated  in  Table  9-1. 
Thermal  Incineration,  though  having  an  above  average  score,  was 
eliminated  as  a  possible  option  because  of  negative  public  perception. 


I 


RDDI00I2B8B.WPS  (OW  RI/FS) 


9-7 


6/23/94 


9.5  Existing  Groundwater  Treatment  Plant 


The  existing  GWTP  treats  groundwater  extracted  from  OUs  B,  C,  and 
D.  It  uses  a  combination  of  air  stripping  at  elevated  temperatures, 
secondary  water  treatment  with  LGAC,  and  thermal  incineration  and  acid 
scrubbing  of  the  incinerator  offgas.  Thermal  incineration  is  similar  to 
CatOx,  except  that  higher  temperatures  are  required  to  oxidize  the  VOCs 
without  catalyst.  Elevated  temperature  stripping  is  used  to  enhance  the 
transfer  of  VOCs  from  the  water  to  the  air  in  the  stripper.  Heat  is 
recovered  from  the  incinerator  offgas  to  raise  the  air  stripper  operating 
temperature.  Utilities  required  include  power,  natural  gas,  and  sodium 
hydroxide.  Aqueous  acid  is  also  stored  onsite  and  is  used  to  control 
scale  in  the  air  stripper  and  heat  exchangers.  Residuals  include  the  spent 
carbon  and  periodic  carbon  backwash  water,  which  is  discharged  to  Base 
treatment  systems.  Backwash  is  required  to  periodically  clean  solids 
from  the  LGAC  beds.  Appendix  A  contains  an  evaluation  of  this 
existing  plant  done  in  August  1993.  The  evaluation  provides  cost 
estimates  for  plant  expansions  to  handle  increasing  groundwater  flows. 

There  is  also  a  second  treatment  plant  in  service  for  OU  B  flows  that 
uses  only  LGAC. 

9.5.1  Plant  Configuration 

The  design  capacity  of  the  plant  as  originally  installed  was  1,000  gpm. 
Since  operation  began  in  the  late  1980s,  extracted  flow  rates  were 
approximately  100  to  200  gpm.  Since  the  required  capacity  of  the  plant 
was  less  than  design,  various  equipment  modifications  have  occurred 
over  the  years  that  have  optimized  the  operation  of  the  plant  at  the  lower 
flow  rate.  The  current  GWTP  flow  scheme  is  illustrated  in  Figure  9-2. 

9.5.2  Temporal  Trends  in  Extracted  Groundwater 
Concentration 

Since  the  groundwater  treatment  plant  began  operation,  extracted  ground- 
water  concentrations  have  significantly  decreased.  Figure  9-3  shows 
extracted  groundwater  concentration  with  time  from  1987  to  1993.  As  is 
typical  with  many  pump  and  treat  type  remediations,  the  groundwater 
concentration  of  VOCs  starts  high  at  approximately  50  ppm,  drops  rather 
rapidly  in  the  Erst  year  of  operation,  then  drops  less  rapidly  to  approach 
approximately  1  ppm  in  recent  years. 

9.5.3  Evaluation  of  Groundwater  Treatment  Plant 
with  Screening  Criteria 

Evaluating  the  existing  GWTP  with  the  criteria  of  effectiveness,  robust¬ 
ness,  and  implementability  provides  justiEcation  for  continuing  operation 
of  the  GWTP.  The  GWTP  is  effective  in  that  it  has  a  demonstrated 
performance  history  in  treating  extracted  groundwater  to  the  NPDES  dis¬ 
charge  requirements.  Inqrlementability  is  high  since  the  facility  exists, 
and  its  cost  deserves  consideration.  At  the  time  this  document  was 
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written,  the  GWTP  annual  O&M  costs  were  approximately  $1,000,000. 
Various  future  groundwater  flow  scenarios  have  been  examined  for 
altering  the  operation  of  the  plant.  Scenarios  for  the  current  throughput 
rate  and  higher  rates  that  may  require  treatment  in  the  future  have  been 
developed  and  are  contained  in  Appendix  A.  Various  options  exist  for 
decreasing  the  current  operating  cost  of  the  plant,  the  most  predominant 
opportunity  being  to  modify  the  staffing  level.  These  options  and  the 
capital  cost  avoided  justify  consideration  of  the  existing  GWTP  as  a 
treatment  option  along  with  the  screened  technologies  resulting  from  the 
Murder  Board. 


9.5.4  Future  Expansion  of  the  GWTTP  and 
Associated  Costs 

Appendix  A  contains  a  detailed  discussion  of  future  flow  scenarios  and 
capital  and  O&M  costs  associated  with  plant  expansion  and  operation. 
The  initial  design  of  the  treatment  plant  was  based  on  1 ,000  gpm. 
According  to  influent  concentration  estimates  of  1,2-DCA  in  future  flow 
scemuios  from  OUs  B,C,  and  D,  it  appears  that  efficient  plant  operation 
can  be  maintained  up  to  approximately  700  gpm  with  little  or  no  capital 
expenditure.  Beyond  700  gpm,  water  temperatures  and  air  flow  rates  in 
the  stripper  are  estimated  to  vary  to  a  point  that  1 ,2-DC A  begins  to  pass 
through  in  significant  quantities.  These  increasing  quantities  then  result 
in  higher  carbon  usage  and  cause  higher  O&M  costs.  This  contributes  to 
carbon  replacement  costs.  Capital  improvements  such  as  additional  heat 
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exchangers  and  carbon  vessels  are  required  at  greater  flows,  resulting  in 
capital  cost  for  plant  expansion.  Order-of-magnitude  cost  estimates  for 
the  flow  scenarios  evaluated  are  shown  in  Table  9-2. 


Table  9-2 

Capital  and  O&M  Costs  Summary  for  Existing  GWTP 

Water  Flow  (gpm) 

Capital  Cost  ($) 

O&M  Cost  ($/yr) 

330 

0 

716,000 

1,000 

198,000 

1,138,000 

2,400 

2,187,000 

1,967,000 

These  costs  are  estimated  assuming  that  operational  and  maintenance 
labor  costs  are  decreased  by  IS  percent  in  future  operations,  equating  to 
approximately  a  new  O&M  labor  cost  of  $470,000  per  year.  Carbon 
costs  make  up  the  majority  of  the  remaining  O&M  costs,  with  power  and 
incidentals  making  up  a  minor  fraction.  Capital  costs  are  a  result  of  one 
additional  carbon  vessel  to  handle  the  increased  hydraulic  throughput  at 
1 ,000  gpm.  Additional  carbon  units,  pumps,  piping,  stripper 
modifications,  and  heat  exchangers  are  components  that  comprise  the 
capital  cost  required  to  treat  2,400  gpm.  This  flow  rate  was  chosen  as 
the  maximum  hydraulic  rate  that  could  be  treated  in  the  existing  tower. 


9.6  Treatment  Option  Assembly  and  Cost 
Estimation 

As  a  result  of  the  Murder  Board  and  technology  screening  phase  of  the 
feasibility  study,  a  screened  list  of  technologies  was  created.  Because 
these  technologies  are  all  considered  standard,  the  main  differentiating 
criterion  between  the  options  would  be  cost.  The  technologies  can  be 
equally  effective  and  equally  robust  and  implementable  if  enough  money 
is  spent  to  make  them  work.  On  this  basis,  assembled  options  are 
compared  with  one  another  mainly  on  capital  and  O&M  costs. 

The  paragraphs  below  describe  how  technologies  were  assembled  into 
options.  Capital  and  O&M  cost  estimation  methods  for  each  technology 
are  discussed.  The  cost  estimates  for  various  technologies  were  com¬ 
bined  into  option  cost  estimates.  These  estimates  were  then  adjusted  to 
provide  estimates  of  costs  over  a  range  of  flow  rates  within  each  feasible 
target  volume  where  they  could  be  applied.  This  section  describes  the 
logic  that  grouped  technologies  into  options. 

9.6.1  Assembled  Options 

Some  of  the  groundwater  treatment  technologies  were  combined  with  the 
offgas  treatment  technologies  to  create  assembled  options.  The  following 
are  the  most  feasible  treatment  technologies  and  options: 
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•  UV/Hydrogen  Peroxide  AOP 

•  Ozone/Hydrogen  Peroxide  AOP 

•  LGAC 

•  Air  Stripping  with  CatOx  Offgas  Control 

•  Air  Stripping  with  VGAC  Offgas  Control 

•  Air  Stripping/CatOx  with  Ozone/Hydrogen  Peroxide  AOP 
Pretreatment 

•  Air  Stripping/VGAC  with  Ozone/Hydrogen  Peroxide  AOP 
Pretreatment 

•  Air  Stripping/CatOx  with  UV/Hydrog«i  Peroxide  AOP 
Pretreatment 

•  Air  Stripping/VGAC  with  UV/Hydrogen  Peroxide  AOP 
Pretreatment 

•  Air  Stripping/CatOx  with  LGAC  Post-Treatment 

•  Air  Stripping/VGAC  with  LGAC  Post-Treatment 

•  Existing  GWTP  (modified  if  necessaty) 

9.6.2  Design  Basis 

Five  sets  of  estimates  of  flow  and  concentrations  from  the  OUs  at 
McClellan  AFB  were  compiled  to  form  the  basis  for  comparing 
assembled  options.  A  treatment  performance  requirement  of  removing 
acetone,  methylethylketone,  and  methylisobutylketone  to  less  than  1  mg/1 
and  all  other  VOCs  to  less  than  0.5  /ig/l  was  used  in  developing  the 
options.  This  is  equivalent  to  the  treatment  requirements  of  the  exiting 
GWTP  and  is  considered  a  reasonable  basis  for  conq>aring  new  options 
with  the  existing  plant  and  with  each  other. 

Table  9-3  shows  the  five  flow  and  concentration  sets  used  for  evaluation. 
The  five  sets  were  chosen  for  the  following  reasons: 

•  Flows  between  hot  spots  and  conUunmmt  target  volumes 
may  be  segregated.  Developing  cost  of  treatment  for  the 
individual  and  combined  extracted  flows  will  provide  a  basis 
for  choosing  if  segregation  or  mixing  is  preferred. 

•  Flows  will  be  split  between  the  east  and  west  sides  of  the 
Base  into  two  treatment  facilities,  leading  to  the  east  versus 
west  flow  segregation  in  the  scenarios. 

•  The  concentrations  of  contaminants  were  not  appreciably 
different  between  the  four  containment  target  zones; 
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therefore,  one  composite  concentration  set  over  a  wide 
range  of  flows  was  evaluated. 


Appendix  M  is  a  presentation  of  the  basis  for  the  influrat  concentration 
estimates. 


9.6.3  UV/Hydrogen  Peroxide  AOP 

UV/hydrogen  peroxide  oxidation  capital  costs  were  estimated  based  on 
vendor-provided  capital  cost  estimates  for  the  flow  and  concentration 
cases  documented  in  Table  9-3.  Installation  costs  of  voidor-provided 
quotes  were  included  as  an  allowance  of  50  percmt  of  the  capital  cost. 

O&M  costs  were  estimated  based  on  vendor-provided  estimates  of  power 
and  hydrogen  peroxide  dosage  requirements.  Operator  hours,  analytical 
costs,  and  other  allowances  are  based  on  project  experience. 


Table  9-3 

Condensed  Flow  and  Concentration  Scenarios 

Flow 

Design  Conditions 

Flow  Rate 
(gpm) 

Concentrations  (/tg/l) 

TCE 

u- 

DCA 

1.1- 

DCA 

1,1,1- 

TCA 

Acetone 

MeCI 

East  Hoc  Spot 

90 

4,560 

7 

2 

850 

500 

3 

West  Hot  Spot 

0  to  180 

3,700 

0.0 

7 

180 

150 

230 

Containment  Target 
Volumes  including: 

*  East  Background 

•  West  Background 

*  East  MCLs 

•  West  MCLs 

0  to  2,200 

32 

12 

7 

5 

0 

Combined  East  Side 
Hot  Spot  and 
Containment 

390 

1,070 

11 

1 

195 

120 

0.7 

Combined  West  Side 
Hot  Spot  and 
Containment 

1,190 

296 

11 

2 

20 

16 

19 

Note: 

TCE  =  Trichloroethene 

DCA  =  Dichloroethane 

TCA  =  Trichloroethane 

MeCI  =  Methylene  chloride 

MCLs  =  Maximum  Contaminant  Levels 

9.6.4  Ozone/Hydrogen  Peroxide  AOP 

Preliminary  ozone/hydrogen  peroxide  oxidation  equipment  sizing  was 
performed  using  in-house  CH2M  HILL  worksheets  that  were  based  on 
known  reaction  rates  of  the  contaminants  of  concern  for  various  oxidant 
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feed  ratios.  Two  ozone/hydrogen  peroxide  oxidation  designs  were 
chosen:  one  which  was  smaller  with  less  detention  and  reaction  time  to 
remove  the  pollutants  to  higher  concentration  levels  than  required  for 
final  discharge,  and  another  design  that  treats  the  contaminants  down  to 
the  0.5  ^g/1  concentration  required  for  discharge.  The  smaller  design 
was  combined  with  air  stripping  to  achieve  treatment  to  the  required 
levels. 

Capital  costs  for  the  ozone/hydrogen  peroxide  oxidrUion  system  were 
developed  using  spreadsheet  algorithms  to  calculate  installed  cost  of  the 
system  based  on  factors  provided  by  literature  and  in-house  CH2M  HILL 
resources. 

O&M  costs  were  also  estimated  using  spreadsheet  algorithms  based  on 
factors  for  ozone/hydrogen  peroxide  systems  provided  by  literature  and 
in-house  CH2M  HILL  resources. 

9.6.5  Air  Stripping 

Preliminary  air  stripper  sizing  was  performed  using  STRIPR,  an  in-house 
CH2M  HILL  program  for  the  various  flow  and  conc«itration  scenarios. 
Two  air  stripper  designs  were  chosen,  one  which  used  a  low  air  flow  to 
remove  TCE,  and  one  with  a  higher  air  flow  to  remove  the  1,2-DCA  to 
required  discharge  levels.  Tower  height  was  limited  to  40  feet  for 
aesthetic  and  air  traffic  reasons.  A  single  tower  was  used  for  both  the 
high  and  low  air  flow  sizing  within  each  scenario.  For  assembly  into 
treatment  options,  the  low  air  flow  stripper  size  was  combined  with  other 
technologies  (AOP  and  LGAC)  to  achieve  treatment  to  required  levels, 
while  the  high  rur  flow  stripper  size  was  designed  to  iqrproximately  meet 
the  required  treatment  lev.>ls  without  additional  water  treatment.  All 
stripper  cases  were  combined  with  either  CatOx  or  VGAC  for  offgas 
control. 

Capital  costs  for  ur  strippers  were  developed  using  spreadsheet 
algorithms  that  were  calibrated  based  on  vendor  quotes.  Installation 
costs  were  included  as  an  allowance  of  50  percent  of  the  capital  cost. 

O&M  costs  were  estimated  by  assigning  operator  l^x>r  hours,  power 
requirements,  and  allowances  for  other  items.  McClellan  AFB  labor  and 
analytical  costs  were  assigned  based  on  data  from  the  existing  ground- 
water  treatment  plant,  assuming  that  these  costs  would  remain  constant 
for  a  similar  technology. 

9.6.6  Liquid-Phase  Granular  Activated  Carbon 

Prelimiiuuy  sizing  for  two  LGAC  applications  is  provided:  LGAC  as  a 
stand  alone  treatment  system  and  LGAC  as  a  post-treatment  technology 
combined  with  air  stripping. 

Preliminary  equipment  sizing  and  costs  for  LGAC  systems  is  based  on 
vendor  information  for  required  empty  bed  contact  times  and  skid- 
mounted  system  costs.  A  20  percent  installation  factor  is  assumed  to 
calculate  installed  system  costs. 
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O&M  costs  are  calculated  based  on  Freundlich  isotherm  data  for  carbon 
usage  and  estimates  of  labor,  analytical,  and  other  O&M  costs. 

9.6.7  Catalytic  Oxidation 

Catalytic  oxidation  capital  costs  are  estimated  based  on  vendor-provided 
capital  cost  estimates  for  specific  flow  cases,  corrected  to  the  case- 
specific  air  flow  using  a  correction  factor. 

O&M  costs  for  operator  labor  are  estimated  based  on  project  experience. 
Utility  requirements  are  calculated  for  the  specific  cases  using  general 
vendor-supplied  information. 

9.6.8  Vapor-Phase  Granular  Activated  Carbon 

VGAC  systems  were  sized  assuming  a  superficial  air  velocity  of  SO  fpm 
or  less  through  the  carbon  beds.  On  this  basis,  small  single-bed, 
adsorbers  were  assumed  up  to  7  feet  in  diameter.  For  air  flows  requir¬ 
ing  larger  vessels,  dual-bed  vessels  were  assumed.  The  largest  air  flow 
was  estimated  to  require  three  12-foot-diameter  dual-bed  carbon  vessels. 
The  smallest  air  flow  was  estimated  to  require  one  single-bed  3-foot- 
diameter  vessel.  Capital  costs  of  the  VGAC  vessels  were  estimated  using 
algorithms  to  calculate  fabricated  fiberglass  reinforced  plastic  (FRP) 
vessel  cost  for  the  given  diameter  and  height  and  vendor  information  on 
carbon  costs. 

O&M  costs  include  estimates  of  operating  labor  required  and  carbon 
usage  based  on  the  offgas  flow  and  concentration  for  each  case. 

Computer  spreadsheets  using  Freundlich  isotherms  were  used  to  estimate 
carbon  bed  life.  Carbon  replacement  costs  are  based  on  offsite  regenera¬ 
tion  and  ate  included  in  the  O&M  costs  for  VGAC. 

9.6.9  Chlorination  for  Water  Disinfection 

For  alternatives  which  use  sale  to  water  purveyors  as  an  end  use, 
disinfection  of  the  treated  groundwater  is  requited  before  introduction 
into  the  water  district’s  distribution  network.  Treatment  facilities  which 
use  sodium  hypochlorite  disinfectant  have  been  included  in  budget-level 
cost  estimates  for  screened  alternatives.  These  costs  have  not  been 
included  in  the  screening  effort  described  in  this  chapter. 

9.7  Treatment  Option  Evaluation 

9.7.1  Cost  Estimation  Method 

For  each  option,  the  five  cost  and  flow  scenarios  are  applied,  and  a  plot 
of  costs  versus  flow  rate  is  developed.  The  cost  analysis  assumes  a  fixed 
concentration  and  a  variable  flow  rate,  as  presented  in  Table  9-3.  Plots 
are  presented  for  capital  costs  and  O&M  costs.  Estimates  are  based  on 
prior  efforts  and  vendor  quotations.  Under  each  of  the  scenarios,  esti¬ 
mates  for  treatment  ^sterns  at  either  one  or  two  flow  rates  have  been 
developed.  Linear  interpolation  and  some  extrapolation  is  used  to  esti- 
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mate  treatment  costs  where  two  flow  cases  were  evaluated.  For 
scenarios  with  one  flow  case  evaluation,  similar  slopes  of  cost  versus 
flow  from  other  curves  ate  assigned. 

9.7.2  Cost  Plots 

Figures  9-4  through  9-13  provide  capital  and  O&M  costs  as  a  itmction  of 
flow  rate  for  five  target  volume  cases.  Linear  intmpolation  with  two 
points  was  used  in  developing  the  cost  curves  for  the  west  hot  spot  and 
the  containmoit  target  volumes,  while  the  cost  magnitude  of  the  remain¬ 
ing  curves  was  estimated  using  a  single  point  coupled  with  a  slope  from 
one  of  the  two  target  volumes  mentioaed.  Because  of  similar  flow  rate 
ranges,  the  west  hot  spot  slope  of  cost  versus  flow  was  used  for  the  east 
hot  spot,  and  the  containment  slope  was  used  in  the  combined  flow  target 
volume  plots. 

Potential  iiuccuracies  can  result  as  the  curves  are  extrapolated  to  the 
higher  flow  rates  and  as  they  approach  zero  flow.  This  inaccuracy  may 
be  more  pronounced  in  lower  flows  on  the  plots  developed  using  one  cost 
estimate  point  (east  hot  spot,  west  combined,  and  east  combined).  Points 
have  been  removed  from  plots  where  linear  interpoiarion  at  low  flow 
rates  produced  negative  or  unreasoiuble  costs. 


RDDtOOI2B8B.WI>S  (QW  RI/FS) 


9-16 


6/23/94 


Capital  Cost  (Million  $) 


Flow  (gpm) 


■  *Ozone/ 
Peroxide 


UV/ 

Peroxide 


•Air 

StripTVG 

AC 


■Air 

StripyCat 

Ox 


LGAC 


•*Air 

StripTVG 

AC/Ozone 

Peroxide 


•‘Air 

StripyCat 

Ox/Ozone 

Peroxide 


•Air 

StripyVG 

AC/UV- 

Peroxide 


•Air 

StripyCat 

Ox/UV- 

Peroxide 


•Air 

StripyVG 

AC/LGAC 


•Air 

StripyCat 

Ox/LGAC 


'  Cost  for  this  option(s)  are  greater  than  the  scale  of  this  plot. 


FIGURE  9-4 
EAST  HOT  SPOT 
CAPITAL  COSTS 

GROUNDWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO,  CALIFORNIA 

- CHMHllL - 


Capital  Coat  (Million  $) 


nOO<4S4.3< 


•Ozone/  - o - uv/ 

Peroxide  Peroxide 


♦ - Air 

StripTVG 

AC 


Air 

StripyCat 

Ox 


LGAC 

— A - Air 

— e - Air 

— o — 

—  Air 

StripyVG 

StripyCat 

StripyVG 

AC/Ozone 

Ox/Ozone 

AC/UV- 

Peroxide 

Peroxide 

Peroxide 

Air 

— ®— Air 

— El - Air 

StripyCat 

StripyVG 

StripyCat 

Ox/UV- 

AC/LGAC 

Ox/LGAC 

Peroxide 

*  Cost  for  Ms  oplion(s)  are  greater  ttiar)  the  scale  of  this  plot 


FIGURE  9-5 
WEST  HOT  SPOT 
CAPITAL  COSTS 

GROUNCWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO,  CALIFORNIA 

- OBUIHlll - 


Capital  Cost  (Million  $) 


Flow  (gpm) 


■  ‘Ozone/ 
Peroxide 


UV/ 

Peroxide 


■Air 

StripTVG 

AC 


■Air 

StripyCat 

Ox 


LGAC 


■Air 

StripTVG 

AC/Ozone 

Peroxide 


■Air 

StripyCat 

Ox/Ozone 

Peroxide 


■Air 

StripyVG 

AC/UV- 

Peroxide 


■Air 

StripyCat 

Ox/UV- 

Peroxide 


■Air 

StripyVG 

AC/LGAC 


■Air 

StripyCat 

Ox/LGAC 


'  Cost  for  this  option(s)  ars  greator  than  the  scale  of  this  plot 


FIGURE  9-6 
CONTAINMENT 
CAPITAL  COSTS 

GROUNDWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO,  CAUFORNIA 


Capital  C( 


Flow  (gpm) 


•  *Ozone/ 
Peroxide 


UV/ 

Peroxide 


•Air 

StripTVG 

AC 


•Air 

StripyCat 

Ox 


LGAC 


■Air 

StripTVG 

AC/Ozone 

Peroxide 


•Air 

StripyCat 

Ox/Ozone 

Peroxide 


■Air 

StripyVG 

AC/UV- 

Peroxide 


■Air 

StripyCat 

Ox/UV- 

PeroxkJe 


•Air 

StripyVG 

AC/LGAC 


■Air 

StripyCat 

Ox/LGAC 


'  Cost  for  this  option(s)  are  greater  than  the  scale  of  this  plot 


FIGURE  9-7 
EAST  COMBINED 
CAPITAL  COSTS 

GROUNDWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO,  CAUFORNIA 

- camHiiL - 


Capital  Cost  (Million  $) 


Flow  (gpm) 


•  'Ozone/ 
Peroxide 


*UV/ 

Peroxide 


•Air 

StripTVG 

AC 


Air 

StripyCat 

Ox 


LGAC 


•'Air 

StripyVG 

AC/Ozone 

Peroxide 


•'Air 

StripyCat 

Ox/Ozone 

Peroxide 


•Air 

StripyVG 

AC/UV- 

Peroxide 


■Air 

StripyCat 

Ox/UV- 

Peroxide 


-^r 

StripyVG 

AC/LGAC 


•Air 

StripyCat 

Ox/LGAC 


*  Cost  for  this  option(s)  are  greater  than  the  scale  of  this  plot 


FIGURE  9-8 
WEST  COMBINED 
CAPITAL  COSTS 

GROUNOWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO,  CALIFORNIA 

- oat  HILL - 


O&M  Costs  (Million  $/year) 


0  50  100  150  200 

Flow  (gpm) 


■  Ozone/ 
Peroxide 


UV/ 

Peroxide 


■Air 

StripyVG 

AC 


•Air 

StripyCat 

Ox 


LGAC 

- « - 

—  Air  - 

— • - Air  — 

— o — 

—  Air 

StripyVG 

StripyCat 

StripyVG 

AC/Ozone 

Ox/Ozone 

AC/UV- 

Peroxide 

Peroxide 

Peroxide 

Air 

— B- 

—  Air  - 

— El - Air 

StripVCat 

StripA/G 

StripyCat 

Ox/UV- 

AC/LGAC 

Ox/LGAC 

Peroxide 

nOOI4S4_36 


FIGURE  9-9 
EAST  HOT  SPOT 
O&M  COSTS 

GROUNDWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO.  CALIFORNIA 


CtBUlHIlL 


O&M  Costs  (Million  $/year) 


■  Ozone/ 
Peroxide 


UV/ 

Peroxide 


■Air 

Strip-/VG 

AC 


•Air 

Strip7Cat 

Ox 


LGAC 

— A - Air  — 

• - Air 

— o — 

—  Air 

StripyVG 

StripVCat 

StripWG 

AC/Ozone 

Ox/Ozone 

AC/UV- 

Peroxide 

Peroxide 

Peroxide 

Air 

— Air 

— E) - Air 

StripyCat 

StripTVG 

Strip7Cat 

Ox/UV- 

AC/LGAC 

Ox/LGAC 

Peroxide 

FIGURE  9-10 
WEST  HOT  SPOT 
O&M  COSTS 

GROUNOWATER  OPERABLE  UN(T  RI/FS 

McClellan  air  force  base 

SACRAMENTO,  CALIFORNIA 

- ctemHiii 


ROOt4$4_37 


O&M  Costs  (Million  $/year) 


Flow  (gpm) 


■  Ozone/ 
Peroxide 


UV/ 

Peroxide 


■Air 

StripTVG 

AC 


•Air 

Strip7Cat 

Ox 


LGAC 


■Air 

Strip^G 

AC/Ozone 

Peroxide 


•Air 

Strip/Cat 

Ox/Ozone 

Peroxide 


■Air 

StripTVG 

AC/UV- 

Peroxide 


■Air 

Strip7Cat 

Ox/UV- 

Peroxide 


■Air 

StripTVG 

AC/LGAC 


■Air 

StripVCat 

Ox/LGAC 


FIGURE  9-11 
CONTAINMENT 
O&M  COSTS 

GROUNDWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO.  CALIFORNIA 

- ctanHiu. - 


O&M  Costs  (Million  $/year) 


Flow  (gpm) 


Ozone/ 

Peroxide 


UV/ 

Peroxide 


♦ - Air  - 0 - Air 

StripTVG  StripyCat 

AC  Ox 


- LG  AC  - A - Air  - • - Air  - o - Air 

StripTVG  StripyCat  StripyVG 

AC/Ozone  Ox/Ozone  ACAJV- 

Peroxide  Peroxide  Peroxide 


- 0 - Air 

StripyCat 

Ox/UV- 

Peroxide 


® - Air  - El - Air 

StripyVG  StripyCat 

AC/LGAC  Ox/LGAC 


FIGURE  9-12 

EAST  COMBINED  FLOW 

O&M  COSTS 

QROUNGWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO,  CAUFORNIA 

- aanHiii - 


O&M  Costs  (Million  $/year) 


Chapter  10 

Innovative  Technologies 

10.1  Introduction 

Innovative  technologies  are  new  and  promising  treatment  tedmologies  for 
cleaning  up  hazardous  waste  sites.  By  definition,  they  are  relatively 
undeveloped  and/or  unprovoi  compared  to  standard  technologies,  which 
are  well-demonstrated  to  be  effective  for  treating  a  given  type  of  waste 
stream.  Nevertheless,  innovative  technologies  may  offer  potential 
benefits  coiopared  to  standard  technolo^es,  such  as  faster,  less 
expensive,  or  more  acceptable  treatment. 

Chapters  8  through  13,  excluding  duster  10,  describe  the  developmmt, 
scremiag,  and  evaluation  of  remedial  alternatives  for  groundwater  at 
McClellan  AFB,  involving  groundwater  extraction,  aboveground  treat¬ 
ment,  and  md  use  of  treated  groundwater.  The  in^rtance  of  in  situ 
innovative  treatment  technologies  is  related  to  the  limitations  of  the 
punq>-and-treat  i4)proach.  While  pumping  and  treating  is  a  critical 
con^Mnent  of  groundwater  remediation  at  the  Base  in  that  it  prevents 
advancemoit  of  contamiiumt  plumes  while  simultaneously  removing 
contaminant  mass  from  the  subsurface,  it  is  limited  by  the  rate  of 
diffusion  of  contaminants  from  relatively  low  permeability  areas  and  the 
rate  of  dissolution  of  contaminants  from  the  sorbed  phase  to  the  aqueous 
phase  where  they  can  be  removed  to  the  surface  for  treatment.  In  situ 
iimovative  technologies  offer  the  potential  for  accelerating  contaminant 
removal  from  the  subsurface  and/or  contaminant  transformation  in  the 
subsurface,  and  thereby  reducing  the  overall  remedial  duration.  Ex  situ 
innovative  technologies  do  not  offer  the  potential  for  accelerating  the 
cleanup  or  for  providing  higher  treatment  efficiencies  (since  proven, 
standard  treatmoit  technologies  are  available);  however,  they  may 
provide  less  expensive  or  more  acceptable  methods  for  treating  extracted 
groundwater  or  offgas  resulting  from  aboveground  or  in  situ  treatment. 

Figure  10-1  shows  that  the  innovative  technology  evaluation,  screening, 
and  development  task  has  followed  a  track  parallel  to  the  development  of 
remedial  groundwater  alternatives  for  the  Base.  When  sufficiraitly 
developed,  innovative  technologies  will  be  incorporated  into  the  Base 
groundwater  cleanup  program.  But  because  of  the  unproven  nature  of 
innovative  technologies,  they  require  further  testing  at  the  boich-,  pilot-, 
and/or  field  demonstration-scale  before  th^  can  be  fully  evaluated  to 
determine  their  feasibility  and  to  develop  design  and  operating  criteria 
needed  for  full-scale  implementation. 

The  major  conqmnoits  of  the  innovative  technologies  task  were; 

*  Site  information  review 

*  Technology  information  gathering  and  review 

*  Technology  evaluation  and  screening 

*  Retained  technologies  development 
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•  Implementation  plan  development 

•  Feasibility  study  report  preparation 

The  two  predominant  activities  were  the  screwing  of  technologies  to 
identify  the  most  promising  innovative  treatment  technologies  for  remedi¬ 
ating  ctmtaminated  groundwater  at  the  Base  and  development  of  imple¬ 
mentation  plans  for  the  retained  technologies.  These  two  tasks  are 
described  further  in  the  following  subsections. 


10.2  Innovative  Technologies  Screening 

The  overall  goal  of  the  irmovative  technologies  screening  activify  was  to 
develop  a  short  list  of  the  most  promising  innovative  technologies  for 
cleanup  of  contamiiuted  groundwater  at  Median  AFB.  The 
procedures  and  results  of  the  technologies  scre«iittg  activi^  are 
documented  in  more  detail  in  Appmdix  L  (Technical  Memorandum  LI). 

The  starting  point  was  a  list  of  the  general  site  characteristics,  including: 

•  Principal  target  contaminants— TCE  and  other  chlorinated 
aliphatic  hydrocarbons 

•  Target  contaminant  concentrations— SOO  to  25,000  pg/I  in 
hot  spots 

•  Target  volumes  for  implementation  of  innovative 
technologies- hot  spot  areas  in  the  A  zone,  areal  extent 
roughly  a  few  acres,  thickness  of  contaminated  zone  roughly 
10  to  30  feet 

•  Depth  to  groundwater— roughly  1(X)  feet 

•  Transmissivities -roughly  10  to  2,(XX)  ft*/day 

On  the  basis  of  these  site  characteristics,  an  initial  list  of  potentially 
applicable  irmovative  technologies  was  idmtified  through  literature  and 
drUabase  reviews,  vendor  contacts,  and  consultation  with  internal  and 
external  experts.  These  technologies  were  then  subjected  to  two  levels  of 
evaluation  and  screening  to  elimiruite  the  less-promising  technologies 
while  retaining  the  technologies  that  are  more  appropriate  for 
implemoitation  at  the  Base.  The  primary  screening  criteria  were 
potential  effectiveness,  development  status,  and  relative  cost.  The 
secondary  screening  criteria  were; 

•  Effectiveness 

Achievable  level  of  treatment 

Treatment  consistency 

Advantages  over  sUndrud  technologies 
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•  Robustness 

Range  of  compounds  treated 
T\imup/tumdown  capability 
Susceptibility  to  upsets 

•  Implementability 

Vendor  availability 
State  of  development 
Patent  issues 
Permitting  issues 

•  Relative  cost 

Table  10-1  summarizes  the  results  of  the  primary  and  secondary 
screening.  Seven  technologies  were  retained  throughout  the  screwing 
process,  including  four  in  situ  treatment  technolo^ea  (two  biological  and 
two  physical/chemical),  one  ex  situ  groundwater  treatment  technology, 
and  two  oflgas  treatment  technologies. 


10.3  Implementation  Plans 

iTuplementation  plans  have  been  prqHued  for  the  sevmi  innovative  treat¬ 
ment  technologies  retained  through  the  technology  screening.  The  imple¬ 
mentation  plans  are  intended  to  provide  a  road  map  for  evaluating, 
testing,  and  ultimately  implemoiting  innovative  technologies  at  the  Base. 
They  are  not  intended  to  be  work  plans;  wotk  plan  development  would 
be  the  first  step  of  subsequent  technology  evaluation  projects. 

10.3.1  General  Implementation  Issues 

Ihe  general  implemoitation  philosophy  for  in  situ  innovative  tedmologies 
is  that  they  would  initially  be  used  to  treat  contaminant  hot  spots  in  the 
groundwater,  where  they  could  potentially  provide  the  most  benefit  to  the 
overall  Base  groundwater  remediation.  This  means  that  th^  would 
initially  be  considered  for  implementation  in  areas  of  the  A  zone  (which 
reportedly  contains  greater  than  90  percoit  of  the  contaminant  mass)  with 
contamiiumt  concentrations  greater  than  at  least  500  to  1,000  pg/1.  The 
feasibility  of  implementing  a  given  in  situ  innovative  tedmology  will  be 
governed  by  site-specific  conditions,  and  it  is  likely  diat  the  suitability  of 
the  various  technologies  will  vary  across  the  site.  Consequently,  imple¬ 
mentation  of  multiple  innovative  technologies  may  well  be  appropriate. 
Figure  10-2  is  a  map  of  the  Base  indicating  hot  spot  areas  and  locations 
where  the  different  in  situ  iimovative  technologies  may  be  iq>propriate. 
This  is  a  preliminaiy  map  based  on  the  current  understanding  of  the 
groundwater,  current  technologies  and  the  current  remediation  strategy. 
Additional  locations  or  technologies  may  be  identified  in  the  future. 

There  are  several  engineering  options  for  implementing  in  situ  innovative 
technologies,  including  conventional  vertical  injection  and  extraction 
wells,  horizontal  injection  and  extraction  wells,  in  situ  recirculation  units, 
and  permeable  reaction  walls  (Figure  10-3).  These  options  have 
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characteristics  that  provide  benefits  under  different  site-  and  techirology- 
specific  conditions.  The  advantages  and  disadvantages  of  these 
implementation  options  are  addressed  in  the  appropriate  technology 
irrqrlementation  plans  in  Appendix  L. 

Evaluation  of  innovative  technologies  is  necessarily  an  ongoing  process. 
By  definition,  innovative  technologies  are  relatively  new  and  improven. 
The  devdopment  stems  and  demonstration  of  innovative  technologies  will 
continue  to  advance,  and  new  information  will  continue  to  become  avail¬ 
able.  This  information  will  need  to  be  continually  monitored.  In 
addition  to  the  technologies  retained  in  the  present  screening,  other 
technologies  will  undoubtedly  be  developed,  which  rruy  be  appropriate 
for  groundwiUer  remediation  at  the  Base,  so  the  continuing  irrformation 
review  should  not  be  limited  to  the  retained  technologies.  Also, 
treatability  testing  at  the  bench-,  pilot-,  and/or  field  demonstration-scales 
will  be  necessary  to  fiiUy  assess  technology  feasibility  for  implementation 
at  McClellan  APB. 

Implementing  an  innovative  technology  at  the  Base  will  require  an  itera¬ 
tive  evaluation/decision  approach.  Information  on  technology  feasibility 
(effectiveness,  robustness,  inqplementability,  cost)  and  design  and  operat¬ 
ing  parameters  will  become  available  from  external  sources  (existing 
information  and  new  information  developed  elsewhere)  and  from  testing 
at  the  Base  (bendi-,  pilot-,  and  Eeld-demonstration  testing).  As  each 
new  bit  of  information  is  obtained,  technology  feasibility  will  need  to  be 
reevaluated  and  a  decision  made  whether  to  proceed  to  the  next  stq>. 
Figure  10-4  is  a  flow  diagram  illustrating  the  general  evaluation  and 
decisionmaking  process. 

10.3.2  Implementation  Plan  Summaries 

Individual  implementation  plans  for  the  seven  retained  innovative  technol¬ 
ogies  are  included  in  Appendix  L  (Technical  Memorandums  L2  through 
L8).  The  inqjlementation  plans  present  the  following  information: 

•  Technology  Overview 

•  Potential  BermEts 

•  Locations  for  Implementation 

•  Inq>iemaitation  Approach 

•  Technology  limitations  and  Uncertainties 

•  Implemoitation  Schedule 

•  Estimated  Cost 

•  Works  Cited 

This  information  is  briefly  summarized  in  Tables  10-2  through  10-8. 

The  schedule,  cost  information,  and  references  are  presented  in  the 
individual  implementation  plans  (Appendix  L). 
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Table  lft-2 

la  Situ  Anaerobic  Biotrealment 

Impbuaeatalion  Flan  Summary 

Item 

Desciipliaa 

Techncdogy 

Deecriplion 

In  aitu  anaerobic  biotreatmeot  i*  the  ptocaaa  of  adding  chemical  amendment*  to  groundwater  to  atiraulate 
anaerobic  biodegradation  of  contaminant*.  In  nlu  anaerobic  biotreatmeot  can  be  uaed  to  degrade  chlorinated 
organic*  in  groundwater  via  reductive  dehalogenation.  To  atimulate  the  reductive  debalogenatioo  proce**,  a 
readily  degradable  organic  mlxtrate  (i.e.,  an  electron  donor,  eucfa  ae  benzoate,  acetate,  formate,  or  lactate)  i* 
injected  into  the  groundwater,  along  with  inorganic  laitrienta  ^f  neeeaeary).  Chlorinated  aliphatic 
hydrocarbon*  (CAH*)  are  the  principal  contaminarn*  in  McClellan  AFB  groundwater,  and  tfaoae  compound* 
are  generally  amenable  to  anaerobic  breakdown. 

There  are  four  baaic  configuration*  for  implementing  in  eitu  anaerobic  biotreatment:  vertical  injection  and 
extraction  well*,  horizontal  iiyection  and  extraction  well*,  in  aitu  recirculation  unit*,  and  permeable  reaction 
wall*. 

Developm«at 

Sutus 

*  Mott  rei— fch  has  boea  booeh-aeale  testing  at  univenidet  and  by  vendors 

*  One  fiiU«eeale  appUcatkm  widi  promising  results 

PotentUi 

AdveoUget 

*  Deatruction  technology  and  treatment  occur*  in  place 

*  Potentially  can  accelerate  groundwater  cleanup 

*  May  treat  high  conceotratiotu  (ten*  of  mg/l)  aird  mixture*  of  conuminanu 

*  Virtually  all  chlorinated  aliphatic*  preaent  are  emenable  to  anaerobic  biodegradation 

*  Complete  degradatioa  to  ixsmoxie  end  product*  i*  pocaible 

*  Marty  of  the  tranaformation  product*  ate  biodegradable  under  aerobic  condition* 

PotenSul 

DittdvanUgei 

*  Anaerobic  tranaformatioa  of  PCB,  TCE,  and  DCB  generate*  vinyl  chloride,  a  highly  toxic  tranaformation 
product 

*  Background  electron  acceptor*,  auch  a*  oxygen,  nitrate,  (ulfate,  and  iron,  mutt  be  depleted  (requiring 
aubatrate  addition)  to  allow  reductive  dehalogenation  to  proceed 

«  An  adequate  aiuerobic  bacterial  conaoitium  might  not  exitt  in  aome  area*  and  iroght  be  difficult  to 
eatabliah 

*  Anaerobic  condition*  can  cauae  watm-  quality  problem*  auch  a*  reduced  iron  and  manganeae,  fermentation 
product*,  and  aulfide  which  could  potentially  lead  to  the  need  for  byproduct  cleanup  in  the  aquifer 

Locttionof 

ImplemeoUtioa 

*  Hot  apol*  in  OUi  C  and  D  whirii  have  (uitable  permeabilitie* 

*  Eapecially  area*  in  OU  D  in  which  anaerobic  biodegradation  appear*  to  be  occurring  naturally 

IroplemeoUtion 

Approach 

*  Conduct  further  rite  characterization  at  aelected  implementation  location!*) 

*  Conduct  bench-acale  nuctocoam  atudie*  to  eatabliah  the  preaence  of  indigenoua  microorganiama  and 
evaluate  treatment  potential 

*  Perform  hydrogeologic  and  contaminant  tramport  modeliiig 

*  Deaign,  conatruct,  and  operate  a  pilot-acale  ayatem  at  the  deaired  location  to  confirm  in  aitu  treatment 
performance 

*  Evaluate  coat  benefit  of  implementing  technology  compared  to  pump-and-treal  alone 

*  If  coxi/benefit  analyaia  ia  favorable,  deaign  a  fiill-acale  ayatem  baaed  on  the  pilot  tearing  reaulta 

Technology 
Limitation*  and 
Uncertaintiei 

*  The  preaence  of  the  dexired  indigenoua  aiuerobic  microorganiama  at  location*  of  interext 

*  The  ability  to  eatabliah  and  maintain  appropriate  treatment  condition*  in  the  tubaurface 

*  The  extent  to  which  the  Baae’a  heterogeneoua  aubaurface  will  affect  in  aitu  treatment  efficiency 

*  Regulatory  acceptance  for  aubatrate  injection  and  groundwater  reinjection 

*  Achievable  ratea  and  levela  of  treatment 
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Table  10-3 

In  Situ  Comelabolic  Biotrentneiit 

Implementation  Plan  Sunmaiy 

Item 

Detcriplion 

Technology 

Deecriptton 

In  aim  comeubolic  biotreatment  ia  the  proceaa  of  adding  chemical  amendmentt  and  oxygen  to  groundwater  to 
itimulate  aerobic  cometaboliam  of  chlorinated  aliphatic  hydrocatboni  (CANS)  and  biodegradation  of  other 
conUminanU.  A  primary  organic  lubitrate  (e.g.,  methane,  phenol,  toluene)  ii  iiijeeted  into  the  groundwater 
to  induce  the  production  of  nonapecifie  en^mea  by  a  ceiUin  group  of  nucroorganiimi.  Theae  enzymea 
fortuitouily  degrade  CAHi,  which  are  otherwiae  reaiatant  to  aerobic  biodegradation.  Aerobic  comeuboliam  ia 
effective  at  treating  TCE,  1,2-DCB,  and  vinyl  chloiide,  but  not  effective  for  PCS,  carbon  tetradiloride  (CT), 
freoni,  1,1-DCB,  or  l,l,t-TCA.  Moat  of  theae  compounda  are  important  groundwater  conUminanta  at  lome 
locationa  of  McClellan  AFB. 

There  are  four  baaic  coniigurationa  for  inqilementiug  in  litu  comeubolic  biotreatment:  vertical  iiyection  and 
extraction  wella,  horizontal  injection  and  extraction  welli,  in  litu  recirculation  uniU,  and  permeable  reaction 
walla. 

Development 

Sunil 

*  Bench-acale  teating  at  univeraitiea  and  by  vendori  baa  eaUbliihed  treaUbili^  of  CAHi 

*  Pilot-acale  field  teating  conducted  at  Moffett  Naval  Air  Sution  haa  demonatrated  ability  to  treat  CAHa  in 
groundwater 

Potential 

AdvtnUgei 

*  Deatruction  technology  and  treatment  occuri  in  pUce 

*  Potentially  can  accelerate  groundwater  cleanup 

*  May  treat  high  concentration!  (teni  of  mg/I)  and  mixturea  of  conuminanU,  including  TCE  and  cerUin 
other  chlorinated  aliphatica 

*  Complete  degradation  to  nontoxic  end-producU  ia  poaaible 

Potential 

DiaadvanUgea 

*  Doei  not  effectively  treat  PCE,  CT,  1,1,1-TCA,  1,1-DCE,  or  freona 

*  Oxygenation  of  groundwater  ia  additional  expenae 

«  Subject  to  competitive  inhibition  and  toxiciqr  problema 

*  Potential  for  biofbuling  and  iron  preciphation/plugging 

Location  of 
Implemenution 

•  Hot  ipou  in  OU  C  that  have  luiubie  permeability  (TCE  ia  predominant  conuminant  in  that  area) 

In^lMneuUtion 

Approach 

*  Conduct  further  cite  characterization  at  lelected  implemenution  location(a) 

*  Conduct  bench-acale  microcoam  atudiea  to  eaUbliih  the  preaence  of  indigenoua  microorganiama  and 
evaluate  treatment  potential 

*  Perform  hydrogeologic  and  conUminant  tranapoit  modeling 

*  Deaign,  conatruct,  and  operate  a  pilot-acale  qtaUm  at  the  deaired  location  to  confirm  in  aitu  treatment 
performance 

*  Evaluate  coat  benefit  of  implementing  technology  compared  to  pump-and-tieat  alone 

*  If  coat-benefit  analyaia  ia  favot^le,  deaign  a  full-icale  ayatem  baaed  on  the  pilot  teating  reaulU. 

Technology 
Limiutiona  and 
UncerUintiea 

•  The  preaence  of  the  deaired  indigenoua  microorganiama  at  locationa  of  intereit 

•  The  abili^  to  eaUbliah  and  mainuin  appropriate  treatment  condition!  in  the  lubiurface 

•  The  extertt  to  which  the  Baae’a  heterogenoua  aubaurface  will  affect  in  aitu  treatment  efficiency 

•  R^ulatory  acceptance  for  aubitrate  injection  and  groundwater  reiryection 

•  The  ability  to  prevent  offeite  migration  of  injected  aubatriU 

•  Achievable  tatei  and  leveli  of  treatment 
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Table  UM 

Duai-Pliase  Extractioa 
impleaieatatioa  Flaa  Snauiy 

Item 

DcacriiMioa 

Technology 

Deecriplion 

Dual  Fhaae  Extractioa  (DPE)  ta  a  groundwator  temediatioa  technology  that  aimultaneoualy  extiacta 
oontaminanta  fiom  the  vadoae,  ct^illaiy  fiiQga,  and  latiiiated  zooea.  A  DK  qralam  coniiata  of  one  or  more 
wella  acreaaed  over  a  dapifa  approximately  5  to  10  feet  above  and  10  fcat  below  the  water  table;  an 
abovagroundunit  oooaialingaf  a  high  vacuum  bknvar,  an  air/water  aaparator,  and  piping  coanectioax  to 
offgaa  and  groundwater  Waatmant  y Wami;  and,  optioiially,  a  qrOam  of  paaahre  or  active  air  injection  wella 
acreened  above  the  equilibrium  water  table  ealablidied  during  operation. 

High  vacuum  coaditiona  are  eaaantial  for  DTO  to  be  moat  effoctive,  and,  therefore,  fine-grained,  low 
permeabili^  xitea  when  high  vacuum  can  be  maintained  are  moat  appropriate  for  application  of  the 
technology.  The  xyatam  extracta  groundwater  and  aoil  vapora  aimultaneoualy  through  a  central  lift  pipe  or 
*atraw.*  Dra  enhancea  groundwater  removal  ratea  by  increaatng  the  hydraulic  gradient  toward  an  extra^on 
well,  inereaaing  well  yield  and  extractioa  of  aoluble  contominanta.  A  dewatered  zone  ia  created  in  the  vicinity 
of  the  well  by  the  high  vacuum  in  the  zone  of  drawdorvn,  and  aoil  vapora  are  extracted  from  the  vadoae  and 
dewatered  zonea. 

Development 

Status 

*  FkiU-acale,  aingle  and  multiple  wellfield  demonatradona  have  been  performed  at  ahallow  applicadona 
(  <30  feet) 

*  Radian  haa  conducted  one  deep  pilot  teat  (>90  feet)  and  will  conduct  pilot  teadng  at  McClellan  AFB  in 
the  fiOl  of  1993 

*  Skid-mounted  ayatema  ate  commercially  available 

PotentUl 

Advantages 

•  Potentially  can  accelerate  groundwater  cleanup 

•  Enhancea  removal  of  contaminaitta  and  NAPLa  in  the  capillary  fringe 

•  Effecdve  in  low  permeability  aoila  (e.g.,  claya,  ailta) 

•  The  high  vacuum  dewaterx  the  vadoae  zone,  expoaing  mote  unaaturated  aoil  to  vapor  recovery 

•  Oroundwater  extracdon  ratea  can  be  incteaaed  compared  to  convendoiul  pump-and-tteat 

•  VOCa  ate  tranaforred  to  the  vapor  phaae  in  the  anew,  aimplifying  above-ground  treatment 

Potentiel 

Diudvenugee 

•  Limited  experience  widi  deep  water  tablea  and  muldple  well  applicadona  may  requite  addidonal  teadng 
and  developmetd  work 

•  Technology  coat-effocdveneaa  ia  reduced  for  aitea  with  inaufSeieuly  low  permeabilidea  or 
heterogeneitiea,  which  make  it  difficult  to  maintain  high  vacuum  condidons 

•  Patent  feea  ore  required  fr>r  DPE 

•  DPE  requitea  abov^round  water  and  vapor  treatment 

Locetion  of 
Implemenution 

*  Low  permeability  tegiona  (aih  and  clay)  ate  needed  to  maintain  high  vacuum 

•  Hot  apota  in  OUa  A  and  B  ate  potentially  auitable  locadona 

ImplemeoUtion 

Approach 

*  Review  the  teauha  of  the  Dre  field  demonatredon  project  at  McClellan  AFB 

•  If  teauha  ate  promiaing,  deternune  whether  addidonal  pilot  teadng  ia  needed  and  what  refinementa  would 
be  appropriate 

*  If  needed,  conduct  field-acale  teadng  to  obtain  addidonal  required  informadon 

«  Evaluate  coat  benefit  of  irrqilementing  DPE  at  the  Baae  compared  to  convendonal  dual  extracdon 

•  If  coat/benefit  orudyaia  ia  fovorabie,  deaign  fiiU-acale  qratem  baaed  on  pilot  teadng  reaulta 

Technology 
Uimtationa  and 
Unceitaintiea 

•  Effecta  of  ouboutfrice  heterogeneidea  and  moderate  permeabilidea  on  coat  and  eftecdveneaa 

•  Appropriate  deaign  and  operating  patametera  for  deep  well  oyotema 

•  Achievable  contamirunt  removal  ratea 

•  The  effect  of  repeated  atartup/ahutdown  perioda  on  the  movement  of  contaminanta 

•  Interactiotu  of  DPE  wella  in  a  muldple-well  ayttem 
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Table  10-5 

Soil  Vapor  Eztractioa/S|iargiBg 

Inpleauatatioa  Flan  Stammaiy 

Item 

Description 

Tochnology 

Oeecription 

Soil  vapor  exiraction/sparging  is  an  enbaoeament  of  conventional  soil  vapor  extraction  (SVE)  for  the  removal 
of  volatile  contaminants  fiom  the  saturated  and  unsaturated  zones.  Sparging  involvea  iqieeting  air  into  the 
saturated  zone  to  mobilize  VOCa  disaotved  in  the  groundwater  and  adsorbed  to  soil.  Stripped  conlaminsnts 
are  withdrawn  ftom  the  subaurfsee  through  vapor  extraetioo  weila  installed  in  the  vadoae  zone.  Air  sparging 
may  also  enhance  biodegradation  of  contaminants  amenable  to  aerobic  treatmem  through  the  increased  supply 
of  oj^gento  the  subauriace;  and,  conversely,  may  dapraas  the  biodegradation  of  compounds  by  anaerobic 
mechanianu.  The  most  likely  niche  for  SVB/sparging  is  at  shea  erjlh  contaminants  and/or  NAPLs 
concentrated  in  the  smear  zone  and  capillary  firmge,  partieiilart^  if  the  conlamiiumts  are  aerobically 
biodegradable. 

Soil  vapor  extraetioo  implemented  without  enhancements  (i.e.>  air  sparging  or  steam  mjection)  is  effective  at 
removing  contamiiuuita  6om  the  vadose  zone  and  can  reportedly  remove  contaminants  fiom  the  saturated 
zone.  However,  transport  rates  of  dissolved  contaminants  in  the  aqueous  phase  to  the  air-water  interface  limit 
removal  effectiveneas.  Sparging  is  irttended  to  increase  this  rate  of  contaminant  transport,  eqiecially  in  the 
smear  zone/capillaiy  fringe. 

Development 

Statue 

a  SVE/apatgirig  has  been  used  at  full-scale  to  clean  up  ntore  than  20  sites,  including  at  least  10  sites 
contamirtsted  with  chlorinated  VOCs 

•  A  few  SVE/spargiog  applications  have  been  at  depths  near  100  feel  bgs 

*  Technology  vendori  with  fiiU-scale  SVE/aparging  etqwtience  are  available 

Folential 

Advantage! 

•  Potentially  can  accelerate  groundwater  cleanup 

•  Can  treat  high  concentratioiu  of  contaminants 

•  Can  enhance  removal  of  contaminants  from  smear  zone/capillaiy  fringe 

•  May  promote  treatment  of  aerobically  biod^radable  contamirumts 

•  VOCs  removed  in  die  vapor  phase  are  generally  less  expensive  to  treat  than  in  the  liquid  phase 

Potential 

Oitadvantagca 

•  SVE/apaiging  may  not  effectively  remove  contaminants  from  groundwater  because  of  air  channeling 

•  Anaerobic  d^radation  of  some  chlorinated  organics  may  be  inhibited 

•  Horizontal  channeling  can  result  in  the  uncontrolled  migration  of  comamimnu  sway  from  the  treatment 

area 

Location  of 
Implementation 

•  SVE/aparging  is  most  effective  when  focused  on  the  smear  zone/capillaiy  fringe 

*  Hot  spots  in  OU  C  and  OU  D  are  potentially  suitable  locations 

Implementation 

Approach 

*  Review  information  on  SVE/sparging  applications  and  Base  subsuifice  characteristics 

*  If  conditions  are  appropriate  for  qiaiging,  conduct  pilot  test  at  Site  S,  OU  D,  in  conjunction  with  existing 
SVE  demonstration 

*  Evaluate  cost  benefit  of  implementiog  the  technology  compared  to  pump-and-tieat  alone 

*  If  cost/benefit  analysis  is  favorable,  design  full-scale  system  baaed  on  pilot  testing  results 

Technology 
Limitations  and 
Uncertainties 

*  The  effectiveness  of  contamiiunt  removal  from  the  saturated  zone 

*  The  effects  of  subsurface  heterogeneiQr  on  treatment  performance  and  lateral  migration  of  contaminants 

*  The  degree  of  air  channeling  and  efrects  on  treatmem  performance 

*  The  radius  of  influence  of  extraction  and  sparging  weila  and  appropriate  well  spacing 

*  The  compatibility  of  subsurface  conditions  (permeability,  contaminarn  distribution,  heterogeneity)  at  target 
hot  spot  areas  with  SVE/sparging 
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TdileUl^ 

Etcctroo  Beam  En  Sttn  Grooadwatcr  TreatBcat 

Implementation  Flan  Saauaaiy 

Item 

Deacriptioa 

Tachnology 

Daicriptioa 

Electron  Beam  (E4ieam)  traatmeet  ia  an  innovative  advanced  oxidation  proccaa  that  uaee  high  enetgy  electron 
imdiatioo  of  a  thin  aqueoua  liream  to  create  highly  reactive  chemical  ^leciea  (e.g.,  aqueoua  electrona,  H, 
and  OH),  which  react  with  and  tianeform  otganic  contaminanta.  Oiganic  contaminanta  am  uaually  oxidized 
to  caibon  dioxide,  water,  and  inorganic  ^laciaf ;  however,  otganic  transformation  products  can  also  be 
formed. 

Development 

Sutiu 

•  Bench-scale  treatment  of  chlorinated  VOCs  has  been  demonstrated  for  siniple  contaminant  mixtures 

•  A  field  demonstration  project  is  planned  for  1994  at  DOB’s  Savannah  River  site 

•  Vendors  are  devefopiog  mobile  units 

■  A  foil-scale  (120  gpm)  focilily  is  in  operation  at  municipal  wastewater  treatmoit  plam  in  Florida 
(available  fi>r  pilot  testing) 

Potendat 

Advantagea 

•  Destruction  technology— capableof  mineralizing  contaminants  if  sufficiently  high  electron  dose  is  applied 

•  Any  tteatmem  residues  tenuiin  in  the  single  process  effiuent  stream;  no  residual  waste  streams  are 
produced 

•  Technology  expected  to  be  robust  in  terms  of  ability  to  treat  a  raitge  of  flows  and  contaminant 
concentrations 

Potantial 

Ditadvaolagea 

*  Limited  effoctiveneas  for  chlorinated  alkanes  and  ketones 

*  Can  form  undesirable  organic  traoaformation  ptoducU 

*  Ability  to  treat  complex  nuxture  of  cootaminants  unknoam 

*  Treatment  efficiency  is  affected  by  water  qualiQr  6-e.,  alkalinity,  dissolved  solids,  etc.) 

Locationof 

Implementation 

•  Treatment  of  extracted  groundwater 

Implementation 

Approach 

•  Existing  bench-scale  treatment  data  developed  by  vendors  has  been  reviewed 

•  Review  any  new  data  rieveloped  by  vendors  or  other  researchers,  and  review  data  from  Savannah  River 
site  demonstration  when  available 

•  Select  technology  vendor  to  conduct  bench-scale  testmg  using  McClellan  AFB  groundwater  samples  to 
evaluate  potential  effectiveness  for  treatment  of  complex  mixtures  of  chloriiuted  VOCt,  and  the  effects  of 
site  groundwater  chemistry 

•  If  bench  testing  yields  promising  results,  conduct  field  pilot  test  when  equipment  becomes  available 

•  If  treattnem  is  acccpuble,  evaluate  cost-effectiveness  compared  to  standard  groundwater  treatmem 
technologies 

•  If  Goat/benefit  analysis  is  fovorable,  work  with  vendor  to  design  foil-scale  tystem 

Technology 
Limitationa  and 
Unceitaintiea 

*  Ability  to  effectively  treat  complex  mixture  of  contaminants 

*  Ability  to  achieve  treatmem  requitetnems  at  reasonable  electron  doses 

*  Treatmem  costa  compared  to  standard  technologies 

*  Effects  of  Base  groundwater  chemistry  on  treatmem  efficiency  and  dose  requirements 

*  Formation  of  transformation  products 

*  Technology  scaiwup  issues  and  equipmem  availability  and  durability 
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TaMel«-7 

CnaHiholic  Biofiltnrtiif  Offti  Trertawt 
lapkacataliwi  FIm  Syouurjr 

Itaa 

DcfcriptiM 

Tachnolagy 

DatCf^lioo 

BiofillfaCioo  is  a  developing  innovative  technology  for  Heeling  contaminated  gaaea.  b  biofihration,  a 
contaminated  gaa  alieam  U  paaaed  Ifanugh  a  bed  of  biologically  active  media  (e.g.,  peat,  compoat,  aoil,  bark, 
plaalie  packing  or  foam,  granular  activatad  eaiboo)  ethere  contaminants  ate  aoibed,  diaaolved,  and 
biodegraded.  Cometabolic  biodegradation  of  chlorineted  aliphatic  hydrocatbona  can  be  atimulated  by  adding  a 
primary  aubaliale  auch  aa  methane,  toluaaae,  or  phenol. 

Biofiktation  ia  a  generic  term  uaad  to  deecribe  ten>  aapatMa  but  ainular  proeeaaee:  (1)  biofihtalion  uaiiig  an 
oiganic-baaad  media  for  adaocptioo  and  microbial  auppoit,  and  (!)  biMiiekling  filtration,  or  bioacnibbing, 
uaing  relatively  inert  packing  for  microbial  auppoit  and  eocuirent  or  couatereurrant  fiow  of  eraler  to  exdiange 
(acrub)  gaa-phaae  organica. 

D«v«iapiiiMit 

Sutui 

•  FkiU-aeale  unita  in  uaa  for  odor  control  and  tmaimam  of  certain  nauiidpal  and  induatiial  chemieala 

•  Bench-aeale  reaearch  ongoing  fi>r  treatment  of  cfalorinatad  aliphatie  bydrocarbona 

•  A  field  pilot  teat  ia  reportedly  acheduled  to  be  conducted  by  BO&O  at  McClellan  AFB  in  the  aummer  of 
1994 

FotntUI 

AdvintagM 

•  Poaaible  coat  aavinga  when  uaed  in  coiyunction  tvilh  vapor-phaae  carbon  policing  (reduced  carbon 
requirement) 

•  Deatruetion  technology— effecta  reduction  in  eootaminantinaaa 

•  CompIclemineralizalionofTCE  and  certain  other  chlorinated  aliphalica  ia  poaaible 

•  Public  perception  and  air  emiaaiona  advantagea  over  thermal  treatment  melhorla 

PotamUi 

Diiadvanugc* 

•  Will  not  effoctivety  treat  PCE,  carbon  tetrachloride,  fieona,  1,1,1-TCA,  or  1,1-DCE 

•  Not  robuat—auaccptible  to  upaeta  and  inconaiatent  treatment  performance 

•  Probably  would  require  poliahing  treatment  (carbon)  to  achieve  diacharge  requirementa  and  conaiatent 
treatment 

•  Ability  to  treat  complex  watte  atreama  it  unknoam 

Location  of 
ImplooMotation 

•  Treatment  of  air  atripper  offgaa  at  groundwater  treatment  ayatem 

*  Treatment  of  aoil  venting  proceaa  offgaa  at  vadote  zone/groundwater  treatment  ayatem  (SVE/aparging, 

SVE,  dual  phaae  extraction) 

Implemeotatioa 

Approach 

•  Conduct  an  inteiuive  information  gathering  effort,  encompaaaing  the  teveral  vendora  and  reaearch  groupt 
active  in  biofiltration  development 

•  The  relatively  undeveloped  atatua  of  die  technology  for  treatiiig  chlorinated  aliphatic  hydrocatbona  may 
auggeat  that  teating  be  deferred  while  reaearch  progreaa  ia  monitored 

•  Review  the  reaulta  of  any  pilot  teating  in  which  biofiltration  ia  uaed  to  treat  gaa  atreama  conuminated 
with  chlorinated  aliphatic  bydrocarbona,  and  continue  to  monitor  the  progreaa  of  the  varioua  reaearch 
groupa  and  vendora 

•  Review  the  rcauha  of  the  acheduled  field  pilot  teat  at  McClellan  AFB  when  available 

<  If  reaulta  are  proiniaing,  evaluate  the  need  for  further  teating  and  identify  appropriate  refineroenta 

•  If  neceaaaiy,  aelect  vendor  ayatem  and  conduct  additional  field  pilot  teating  to  obtain  the  needed 
information 

•  If  treatment  ia  acceptable,  evaluate  the  coat  benefit  of  implementing  biofiltration  at  the  Baae,  either  aa  a 
aole  offgaa  treatment  proceaa  or  in  combination  with  a  poliahing  technology 

•  If  coat/benefit  analyaia  ia  favorable,  work  with  vendor  to  deaign  full-acale  ayatem 

Technology 
Limitationa  and 
Unceftaintiea 

•  Abilify  to  treat  complex  mixturea  of  contaminanta 

•  Appropriate  waate  atream  characteriatica  for  technology  implementation 

•  Coat  benefita  achievable 

•  Abilify  to  auatain  a  conaiatent  level  of  treatmem 

•  Poliahing  treatment  requirementa 

■  Optimal  deaign  and  operating  parametera 
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Table  IM 

Reria  AdierpliM  Trcatnat 

lailiinataHeB  Plea  Sawaiaiy 

ItM 

Detcfipliaa 

Taehnoiogy 

Deecription 

The  rMia  adeocptioo  (eehoolagy  aopioye  poiyawrie  nein  adiocbaoli  to  nmave  VOC«  from  comeminited 
otfgu.  h  ii  liinUar  to  vapor-phue  caiboa  adaoqxioa,  but  the  naia  npoitedly  haa  aupetior  capaci^  aud 
dutabiliqr.  The  aaadia  can  be  ragenatated  in-place,  tfanugh  a  latge  number  of  cydea,  without  aignificant  loaa 
of  adaocptiao  capechy. 

The  contaminated  gaa  atream  paaaaa  through  two  raain-fillad  6itar  bada  connected  in  aeriea.  When  the 
capaciqr  of  the  beda  ia  reached,  the  air  atream  ia  awitchad  to  a  aeeood  aeriaa  of  fiitara,  and  the  loaded  beda  are 
deeoifaed  by  a  combination  of  temperature,  pteaaiire,  and  an  inert  caitiac  gaa  (typically  llj-  The 
contaminanta  are  raniovad  from  the  madia  and  condanaad;  thia  liquid  contaminant  atream  muat  be  managed 
(treatment,  diapoaal,  rauae).  The  contaminated  carrier  gaa  Mraam  ia  racirculatad  to  the  ayatem  influent. 

Developmem 

Suiiu 

*  Pull-aeale  unita  are  oommarcially  available 

*  Daraonatnatad  for  induatrial  applicatiooa 

*  Some  fiiU-acale  unita  in  uae 

*  Field  damonatraliona  for  hazardoua  waate  applicatiooa 

*  Field  pilot  teat  ongoing  at  the  McCleiian  AFB  SVE  damoiuttatioo  project 

Potentiel 

Advanuge* 

*  PoCantiaUy  lower  coat  than  atandard  treatmant  tachnologiea 

*  Regenerative  ayatem;  reportedly  little  loaa  of  capaci^ 

*  Parfotmance  not  aignificantly  affected  by  high  humidiQr  gaa  alteama 

PoieotUi 

DisedvinUgM 

*  Not  a  deatructioo  technology,  coodaniate  muit  be  managed 

*  Poor  removal  of  certain  aoiveata  (e.g.,  vinyl  chloride,  methylene  chloride,  ketonea),  aimilar  to  activated 
carbon 

*  Effectiveiiaaa  unproven  for  complex  waate  mixtutea 

Locatioaof 

Iinplemaiutioa 

•  Treatment  of  air  atiipper  of%aa  from  a  groundwater  traatmem  ayatem 

•  Treatment  of  aoil  venting  of^aa  at  vadoae  zona/groundwater  treatment  ayatem  (SVE,  apatging/SVE,  dual 
pfaaae  extractioo) 

ImpleaMotaCton 

Approech 

•  Review  PADRE  perfrumance  reauha  at  McClellan  AFB  SVE  fidd  demonatration  pnqect 

•  Review  other  demonatration  prefect  reaulta 

•  If  current  demonatratioo  project  doea  not  meet  objectivea; 

•  Conduct  bench  teating  for  raain  aelection  and  adaorption  capachy/deaorption  efficiency 

•  Conduct  field  pilot  teat  to  evaluate  treatment  efficieaicy  and  conaiatency,  and  to  determine  deaign 
and  operatiog  parametera 

•  If  tteatmern  ia  acceptable,  evaluate  the  coat  benefit  of  impleinendiig  raain  adaorption  at  the  Baae,  either 
aa  a  aole  ofl^aa  treatment  proceaa  or  in  combination  with  a  pofiahiog  technology 

•  If  coat/benefit  analyaia  ia  favorable,  work  with  vendor  to  deaign  friU-acale  a>  ttem 

Technokigy 
Limiutioiis  aiid 
Uncetttinlief 

■  Treatment  performance  achievable  for  complex  mixture  of  contaminanta 

*  Adaorption  capacity  of  poorly  adaorbable  contaminanta 

*  Ability  to  meat  diachatge  requiremenu  and  need  frir  poUahing  treatment 

*  Management  and  final  di^poaition  of  raaidual  condenaate  atream 

*  Coat  compared  to  atandard  taduiologiea 

*  Deaotption/regeneration  efficiency  and  effect  on  adaorption  capacity 
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Chapter  1 1 

Water  End-Use  Options 


Two  eod>iise  ayatems  have  beea  carried  forward  through  a  screening 
process  that  would  provide  a  beneficial  use  for  treated  groundwater  from 
McClellan  APB. 

End-Use  System  1  would  convey  the  first  200  gpm  of  treated 
groundwatM'  to  McClellan  APB's  existing  greywater  system.  If 
greywater  ci^>acity  beyond  200  gpm  is  developed  in  the  future,  it  will  be 
used;  however,  200  gpm  is  the  current  estimated  capaci^.  The 
remaining  flow  would  be  sold  to  neighboring  water  districts.  In  the 
evmt  of  maintenance  requirements,  the  backup  ^stem  would  discharge 
the  treated  groimdwater  to  Magpie  Credr.  The  layout  of  End-Use 
System  1  is  presented  in  Figure  11-1. 

End-Use  System  2  would  also  conv^  the  first  200  gpm  of  treated 
groundwater  to  McClellan  APB’s  existing  greywat»^  ^stem.  The 
remaining  flow  would  be  injected  into  the  groundwater  at  the  northeast 
end  of  McClellan  APB  or  discharged  to  Magpie  Creek,  or  both.  Injec¬ 
tion  costs  and  capacity  are  estimated  assuming  the  inorganic  water 
qualities  of  the  treated  water  will  be  simUar  to  the  aquifers  where 
injection  will  take  place.  The  proportion  of  treated  water  to  be  injected 
or  discharged  to  Magpie  Credt  will  be  determined  after  pilot  testing  of 
injection.  The  layout  of  End-Use  System  2  is  presented  in  Figure  11-2. 

The  background  information  on  McClellan  APB’s  existing  end-use 
system,  proposed  treated  groundwater  quality,  md-use  screming  criteria, 
an  initial  screening,  a  final  screening,  developmmt  of  two  recommended 
end-use  systems,  and  order-of-magnitude  capital  and  annual  cost  esti¬ 
mates  are  presmted  in  Appendix  Q,  Evaluation  of  End-Use  Alternatives. 


11.1  Treated  Groundwater  Flows 

The  flow  rates  of  the  treated  groundwato-  will  vary  depending  on  the 
extmt  of  groundwater  contaminant  removal  and  the  treatment  plant  loca¬ 
tions.  For  this  evaluation,  four  flow  rate  scoiarios  were  developed; 

•  Scenario  No.  1— Low  flow  at  the  east  treatmmt  unit  of 
400  gpm  or  640  acre-fleet  per  year 

•  Scenario  No.  2-High  flow  at  the  east  treatment  unit  of 
720  gpm  or  1,160  acre-feet  per  year 

•  Scenario  No.  3— Low  flow  at  the  west  treatment  unit  of 
600  ^m  or  960  acre-feet  per  year 

•  Scemuio  No.  4— Hi^  flow  at  the  west  treatment  unit  of 
1,600  g>m  or  2,560  acre-feet  per  year 
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11.2 


End-Use  Screening 


Eight  end-use  options  were  suggested  by  CH2M  HELL,  McClellan  AFB, 
the  legulatoiy  agencies,  or  outside  groups.  Screening  criteria  were 
developed  to  limit  the  niunber  of  possible  aid  uses  for  detailed 
evaluation.  Table  11-1  presents  the  screening  criteria  and  their 
measurable  factors. 


Table  11-1 

Eod-Ute  Opdoe  ScrMabic  Criteria 


IhrcdMM  ScieeeiBt 
(Slepl) 

AdiKtional  ScreaeiBg 
(Stepl) 

Criteria 

Mcasorable  Factor 

Criteria 

Measurable  Factor 

Applicability 

1.  MectatheRWQCB 
definition  of  Beneficial 
Uie 

Effectiveaeaa 

1 .  Ability  to  handle  1 ,000 
to  3,000  gpm  flow 
variation 

2.  Located  within  a  5-inile 
ladiua  of  McClellan 

AFB 

2.  Abili^  to  have  min¬ 
imum  storage  G-c., 

3,000  gpm  at  3  days  is 

40  acre-feet)  or  no 
storage 

Robuttnesa 

1 .  Ability  to  take  treated 
water  year  round 

2.  Ability  to  have  a  back¬ 
up  system  or  book  into 
a  backup  system 

Implementability 

1.  Cost-effective  in  terms 
of  capital  and  annual 
costs 

2.  Permitting  issues  are 
not  limiting 

3.  Water  quality  desired  is 
achievable  by  treatment 
systems  being  inves¬ 
tigated 

4.  Abili^  to  be  construc¬ 
ted  given  physical  and 
utility  constraints 

The  screening  process,  which  included  the  presentation  of  the  screening 
criteria,  discussion  of  possible  end  uses,  and  the  in^lication  of  these  end 
uses,  involved  two  workshops.  Initial  screening  took  place  at  the  August 
10,  1993,  Contaminated  Groundwater  Cleanup  Workshop.  The 
following  Old-use  options  were  discussed; 

•  Onsite  Groundwater  Injection— Has  potential;  however,  it 
may  push  crmtamination  ofhite  into  production  wells,  and  it 
may  split  a  contaminated  plume.  (Carried  forward.) 


RDD10012C3P.WPS  (OW  Rl/FS) 


11-2 


6/23/94 


EXST  20f  MAIN-NORTHRIDGE  WD 


EXST  20"  ^RVICE  COftJP&TlON- 
NORTHRIDGE  WD  A 

J_^CONVEYANCE 

^EAST  TREATK^T  UNIT 

Ss.  % .. 


..  .  .  <\.  .  V-;  -i  \.Z'  }  ■' 


[WV  •  '  -T~ 


ff'  ^^VICE  CONNECT  I 


: .  l!40^^tHRIDG|^ 


_ /-Cj.  M. _ _ -3  ^  ^  i  v" 


^  *'  ■  jA- 


kV 


?  \\'  '•  ■I'vv-i'  A  ■ 
*'  !  '  ;  :• 


-I - 


r=  ;'!l  ••'  '-  ■■  •x  ""  "'-w:^''  A  ■■^- 

/;'.  I*  •^iv-:','f,  •  \'vx-'  ',  --'y  -:k  { 4.^^  ■■  ?' ■  '  ■  ^^iAh 

i!  :  ?y  .  '  ;^TREATMENTV'^;t. 

HL  .'  <^  .X-:uNiT.r5rAxv  -^p- 


■•*  ;i  •■•X  /  • '?ScATMENT“'‘liii  ^"^^I^GREYWATER'X 

XX  ,  .  ..i.-:._  .x;!  •Wj.^-NXANK  ^  J 

'  X-  I  -  ^  _  X.  ^  •  *fc' 


n" 

.  A 


i  ^1  cW^,,  ' .  fc'p  -= 

. ■' 


GROUNDWAT 

PUMPING 

SCENARIO 


r — . y ^  I  — :  ,.  1: 

I  •4.. . GONyBY^CEj/)-^KX'/ 

I  ^  .  line  ;;“a"  — \  -/  -  ' '  ■  . |: " 


EAST  UNI 
LOW 


;  -  .-j - - - 

JECT  I  ■ 


?*’  it  t 

■-■••  *■;(  '  f  X'V 

•  COHNECtldN^-' 

.’  ■  ■  I 


K" 


■  gv  r 

-  \  ,  -:::,■ 


EAST  UNI 
HIGH 


‘DISCHARGE  TO) 


WEST  UNI 
LOW 


MAGPIE  CREEK 


'.  /"  ■• . V 


EXST  8“  MAIN- 
RIO  LINDA  WD- 


-iwAgpie  creek 


WEST  UNI 
/  HIGH 


FIGURE 

SYSTEM 


SCALE  IN  FEET 


GRMJNOWAT 

McClellan 

SACRAh£NT 


#  PRODUCTION  WELLS,  APPROXIMATE  LOCATION 
RW  =  RIO  LINDA  WATER  DISTRICT 
AW  =  ARCADE  WATER  DISTRICT 
-  PROPOSED  PIPELINE 

, _  /i) 


OCT 


¥ 


FtGURE  11-: 

SYSTEM  2 

GROUNDWATER 
McClellan  air 
SACRAMENTO,  C, 


I 


FIGURE  11-2 
SYSTEM  2 


GROUNDWATER  OPERABLE  UNIT  RI/FS 
McClellan  air  force  base 

SACRAMENTO,  CALIFORNIA  i 

- OBUIHUL 


1600 


3200 


SCALE  IN  FEET 


•  Offsite  Groundwater  Injection— Would  be  hard  for 
McClellan  AFB  to  manage,  and  conveyance  costs  would  be 
high.  (Dropped.) 

•  Discharge  to  Magpie  Creek— Has  potential;  however,  it  may 
create  a  riparian  habitat  that  McClellan  AFB  would  have  to 
maintain  after  groundwater  cleanup  had  ended.  (Carried 
forward.) 

•  Recharge  Basins— Probably  not  feasible  due  to  a  hardpan 
under  most  of  McClellan  AFB.  (Dropped.) 

•  Discharge  to  Sacramento  Regional  Publicly  Owned  Treat¬ 
ment  Works  (POTW)  —In  the  area  around  McClellan  AFB, 
the  existing  sanitary  sewerlines  are  near  ctq>acity,  and  this 
option  would  not  present  a  beneficial  use  in  the  opinions  of 
the  attendees.  (Dropped.) 

•  Discharge  to  Local  Golf  Courses— Perhaps  feasible; 
however,  it  would  be  a  seasonal  usage  with  high  summer 
demand  and  no  winter  demand.  (Dropped.) 

•  Discharge  to  McClellan  AFB  Existing  Greywater  System - 
System  has  a  limited  capacity;  however,  McClellan  AFB  is 
interested  in  reusing  as  much  water  as  possible.  (Carried 
Forward.) 

•  Sell  to  Neighboring  Water  Utilities— Arcade,  Rio  Linda, 
Northridge,  and  Citizens  Utilities  are  highly  interested  in 
purchasing  the  treated  groundwater  for  domestic  water 
supply  provided  that  it  meets  safe  drinking  water  quality 
standards.  (Carried  Forward.) 

Final  screening  took  place  at  the  August  2S,  1993,  Alternatives 
Development  Workshop.  Participants  included  McClellan  AFB,  U.S. 
EPA,  California  DTSC,  RWQCB,  Clean  Sites,  neighboring  water 
utilities,  and  CH2M  HILL.  This  screening  process  resulted  in  the 
selection  of  End-Use  Systems  1  and  2,  as  described  at  the  beginning  of 
this  chapter. 


11 .3  End-Use  System  Components 

Each  end-use  system  has  two  conunon  components— the  existing 
McClellan  AFB  greywater  system  and  discharge  to  Magpie  Creek.  In 
addition,  there  are  the  main  components  for  each  system.  For  End-Use 
System  I ,  the  main  component  is  selling  to  neighboring  water  utilities. 
For  End-Use  System  2,  the  main  component  is  onsite  groundwater 
injec  )n.  A  description  of  these  components  is  presented  in  the 
following  section. 
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11.3.1  Existing  Greywater  System 


McClellan  AFB  presently  uses  some  water  from  the  existing  groundwater 
treatment  unit  in  a  greywater  system.  The  greywater  system  consists  of 
a  2S0,000-gallon  storage  tank,  a  pressurizing  pump  system  near  the 
existing  groundwater  treatment  unit,  and  a  networic  of  piping  to  cooling 
towers  and  Don  Julio  Creek. 

From  discussions  with  McClellan  AFB  personnel,  it  has  been  determined 
that  the  greywater  ^stem  could  use  approximately  200  gpm  on  a  fre¬ 
quent  basis.  Only  water  from  the  west  treatmoit  unit  site  will  be  used 
for  the  greywater  system,  because  of  grejrwater  connections  already 
located  at  that  site. 

1 1 .3.2  Discharge  to  Magpie  Creek 

The  existing  groimdwater  treatment  plant  discharges  its  water  into 
Magpie  Creek.  ‘Iluoughout  much  of  McCleUan  AFB,  Magpie  Creek  is  a 
concrete-lined  canal.  Its  existing  design  capacity  is  700  cfs  or  approxi¬ 
mately  314,000  gpm.  For  this  study,  it  is  assumed  that  Magpie  Ctedc 
has  available  capacity  to  accommodate  the  four  flow  rate  scenarios. 

Continuous  discharge  to  Magpie  Creek  may  create  additional  riparian 
habitat  that  McCleUan  AFB  may  be  responsible  for  after  cleanup  is 
completed;  however,  this  potential  requirement  is  not  an  ARAR. 
Discharge  to  Magpie  Creek  will  be  used  as  a  backup  discharge  point 
during  maintenance  shutdown  of  the  primary  end-use  component  in  both 
System  1  and  System  2.  It  may  be  that  discharge  to  Magpie  Creek  only 
happens  once  or  twice  per  year. 

System  2  would  potentially  use  Magpie  Creek  for  the  entire  flow  if 
injection  proves  infeasible  based  on  pilot  testing.  In  addition,  it  will  take 
several  years  to  buUi  all  the  extraction  wells  and  pipelines,  so  Magpie 
Creek  will  remain  the  principal  discharge  point  for  the  existing  GWTP 
and  for  other  extraction  wells  that  are  operated  prior  to  the  construction 
of  the  selected  end  use. 

1 1 .3.3  Sell  to  Neighboring  Water  Utilities 

Selling  the  treated  groundwater  to  neighboring  water  utilities  is  the  main 
component  of  End-Use  System  1.  The  purveyors  that  have  expressed  an 
interest  in  the  treated  groundwater  and  that  have  nearby  facilities  include 
Northridge  Water  District  and  Arcade  Water  District  on  the  east,  and  Rio 
Linda  Water  District  on  the  west. 

Northridge  Water  District  has  two  existing  service  connections  in  the 
vicinity  of  the  proposed  east  treatment  unit  site.  Arcade  Water  District 
has  facilities  further  north  of  the  east  treatment  unit  site.  Rio  Linda 
Water  District  has  facilities  in  the  vicinity  of  the  west  treatment  unit  site. 
Proposed  pipeline  connections  with  Northridge  Water  District  and  Rio 
Linda  Water  District  appear  on  Figure  11-1. 
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This  analysis  assumes  that  up  to  650  gpm  will  be  supplied  to  Northridge 
Water  District  and  up  to  1,600  gpm  to  Rio  Linda  Water  District.  No 
storage  is  required  since  the  demand  from  both  districts  is  much  greater 
than  the  four  flow  rate  scenarios. 

While  interest  in  obtaining  the  treated  groundwater  for  a  supplemental 
source  of  potable  water  is  very  high  among  the  water  districts  there  is 
one  significant  limitation  concerning  the  DHS’s  philosophy.  Currently, 
DHS  states  that  if  a  contaminated  groundwater  source  is  extracted  and 
treated  from  an  area  that  has  not  traditionally  been  a  source  of  potable 
water  supply,  the  treated  groundwater  cannot  be  used  for  a  potable  water 
supply.  If  the  contaminated  groundwater  is  extracted  and  treated  from  an 
area  that  has  traditionally  been  a  source  of  potable  water  supply,  the 
treated  groundwater  can  be  used  as  a  potable  water  supply.  The  water 
utilides  expressed  an  interest  in  pursuing  this  issue  with  DHS  so  that  they 
could  use  McClellan  AFB  water  as  a  source  for  domesdc  water  supply. 

1 1 .3.4  Onsite  Groundwater  Injection 

Injecting  the  treated  groundwater  onsite  is  the  main  component  of  End- 
Use  System  2.  Groundwater  injection  would  involve  pumping  treated 
groundwater  from  both  treatment  units  to  injection  wells  at  the  north  end 
of  McClellan  AFB.  The  north  site  was  chosen  because  of  its  distance 
from  any  known  groundwater  contamination.  For  this  end  use,  it  has 
been  assumed  that  water  could  be  injected  approximately  600  feet  below 
ground  surface. 

The  treated  groundwater  from  the  east  and  west  treatment  units  would  be 
injected  into  the  wells.  It  has  been  assumed  that  a  minimum  of  three  and 
a  maximum  of  four  injection  wells  would  be  required  to  accommodate 
the  four  flow  rate  scenarios.  One  of  the  injection  wells  would  be 
required  as  a  standby  well  for  maintenance  purposes. 

Neighboring  water  utilities  are  concerned  about  the  uncertainties  involved 
in  groundwater  injection.  Some  of  the  concern  centers  around  the  lack 
of  knowledge  of  the  effect  of  the  injected  water  on  the  contaminant 
plumes.  Such  effects  could  include  breaking  the  plume  up,  making  the 
cleanup  more  difficult  and  possibly  contaminating  existing  uncontami¬ 
nated  groundwater  supplies.  This  issue  is  being  evaluated  as  part  of  the 
RI/FS. 


11 .4  Facilities  Required  for  the  End-Use 
Systems 

Facilities  required  for  End-Use  System  1,  including  connection  to 
McClellan  AFB  existing  greywater  system,  connection  to  neighboring 
water  districts,  and  connection  to  Magpie  Creek  are  presented  in 
Table  11-2.  The  pump  motor  size  is  based  on  the  maximum  size 
required  for  a  given  groundwater  pumping  scenario.  The  layout  of  End- 
Use  System  1  is  shown  in  Figure  1 1-1. 
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Table  11-2 

Fadlilics  Required  for  End-Use  System  1 

Groundwater  Pumping  Scenario 

East  Treatment  Unit 

West  Treatment  Unit 

Facilities 

Low  Flow 
(400  gpm) 

High  Flow 
(720  gpm) 

Low  Flow 
(400  nm) 

High  Flow 
a,M0gpm) 

1 .  Pipe  Lengths  (ft) 
6-inch-diameter 

400 

400 

8- inch-diameter 

1,800 

- 

— 

- 

10-inch-diameter 

- 

1,800 

8,500 

— 

12-inch-diameter 

- 

- 

- 

0,500 

2.  Pump  (hp) 

25 

40 

50 

110 

3.  Discharge  Structure 

1 

1 

1 

1 

Table  11-3 

Facilities  Required  for  End-Use  System  2 

Groundwater  Pumping  Scenario 

Low  Flow 

High  Flow 

400  gpm  +  600  gpm  = 

720  gpm  +  1,600  gpm  = 

Facilities 

1,000  gpm 

2320  gpm 

1 .  Pipe  Lengths  (ft) 

6-inch-dismeter 

400 

400 

8-inch-diametec 

11,800 

- 

lO-inch-diuneter 

2,700 

11,800 

12-inch-diameter 

18,000 

2,700 

1 +inch-diiineter 

- 

18,000 

2.  Pump  (hp) 

75 

170 

3.  Discharge 

2 

2 

Structure 

4.  Injection  W^ls 

3 

4 

5.  Access  Road  (ft) 

1,400 

1,400 

Facilities  required  for  End-Use  System  2,  including  connection  to 
McClellan  AFB  existing  greywater  system,  connection  to  injection  wells, 
and  connection  to  Magpie  Creek  are  presented  in  Table  1 1-3.  The  pump 
motor  size  is  based  on  the  maximum  size  required  for  a  given  ground- 
water  pumping  scenario.  The  layout  of  End-Use  System  2  is  shown  in 
Figure  11-2. 

11.5  Estimated  Capital  and  Annual  Costs 

Order-of-magnitude  cost  opinions  were  prepare<'  ^ch  system  in 

accordance  with  the  guidelines  of  the  American  ation  of  Cost 

Engineers.  The  assumptions  and  development  ol  K.cse  costs  are  pre¬ 
sented  in  Appendix  Q.  It  is  normally  expected  that  an  estimate  of  this 
type  would  be  accurate  within  +50  percent  to  -30  percent.  It  should  be 
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noted  that  these  costs  do  not  include  any  contingencies  or  allowances  to 
account  for  permitting,  engineering,  services  during  construction,  or 
changes  in  scope. 

Capital  costs  for  End-Use  Systems  1  and  2  are  presented  in  Table  11-4 
for  the  four  flow  rate  scenarios.  Estimated  capital  costs  for  End-Use 
System  1  vary  from  approximately  $626,000  (low  flows)  to  $856,000 
(high  flows).  Estimated  capital  costs  for  End-Use  System  2  vaiy  from 
approximately  $2.3  millitm  for  the  low  flows  to  $2.7  million  for  the  high 
flows.  The  east  treatment  unit  portion  of  System  2  would  not  be 
constructed  without  the  west  treatment  unit  portion  of  System  2. 


Table  11-4 

Capital  Costs  for  Ead-Use  Systems  1  and  2 

Capital  Cost  Per  Groundwater  Pumping  Scenario  ($) 

East  Treatment  Unit 

West  Treatment  Unit 

Low  Flow 

High  Flow 

Low  Flow 

High  Flow 

System 

Facilities 

(400  gpm) 

(720  gpm) 

(600  gpm) 

(1,600  gpm) 

PipeUne 

90,000 

522,000 

Pumps 

75,000 

165,000 

■ 

Discharge  StnicOiie 

2,000 

■ 

TOTAL 

167,000 

689,000 

2 

PipeUne 

464,000 

580,000 

1,145,000 

1,338,000 

Pumps 

113,000 

113,000 

255,000 

255,000 

Dischsige  Stnicture 

4,000 

4,000 

4,000 

4,000 

Injection  W^l 

- 

- 

270,000 

360,000 

Access  Road 

" 

15,000 

15,000 

TOTAL 

581,000 

697,000 

1,689,000 

1,972,000 

Estimated  annt  o  for  End-Use  Systems  1  and  2  are  presented  in 
T<tble  11-S  for  Ui<  our  flow  rate  scenarios.  Included  in  the  annual  costs 
are  maint«iance  required  on  the  physical  appurtenances  and  «iergy  costs 
a-  sociated  with  pumping.  Labor  to  operate  the  systems  and  any  labor, 
materials,  and  laboratory  expenses  associated  with  sampling  procedures 
are  not  included. 

Annual  costs  for  End-Use  System  1  vary  from  approximately  $36,000 
(low  flows)  to  $82,000  (high  flows).  Aimual  costs  for  End-Use 
System  2  vary  from  approximately  $98,000  (low  flows)  to  $156,000 
(high  flows). 
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Table  11-5 

Kitiiatwl  Aaaaal  Corta  for  Ead-Use  SjyiteM  1  aad  2 


$)rstcm 

Fadlitiee 

Aaaaal  Celt  Per  Groandwatcr  PempiBi 

1  Sceaatia  ($) 

Eatt  TreabMat  Unit 

W«4  Trcabacat  Uait 

Low  Flow 
(400  OM) 

Law  Flaw 

(CMu.) 

High  Flaw 
(1300  ipai) 

1 

Pipeline 

360 

450 

2300 

2,600 

IHimps 

11,500 

23,000 

22,000 

56,000 

Diichaise  Stnicture 

200 

200 

200 

200 

TOTAL 

12.060 

23,650 

24.400 

58300 

2 

Pipeline 

2,400 

2,900 

5,700 

6,700 

nimpi 

11,500 

22,000 

22,000 

50,000 

Discheixe  Stnicture 

400 

400 

400 

400 

Iqection  Well 

- 

- 

54,000 

72,000 

Acceu  Road 

- 

- 

1,500 

1,500 

TOTAL 

14,300 

25300 

03,600 

130,600 
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Chapter  12 

Assembly  and  Screening  of  Alternatives 


This  chapter  contains  the  process  of  assembling  alternatives  from  the 
individual  components  of  the  remedy  (extraction,  treatmoit,  and  md  use) 
and  the  results  of  screening  the  alternatives.  Six  alternatives  ate  carried 
to  detailed  evaluations  and  comparisons  in  Oiapter  13. 

12.1  Assembly  of  Alternatives 

Alternatives  are  assembled  by  combining  the  componmts  of  the  remedy. 
The  number  of  potential  alternatives  is  simply  the  product  of  the  number 
of  extraction  options  (3)  times  the  number  of  treatment  options  (1 1)  times 
ihe  number  of  end  uses  (2),  or  66  alternatives.  Each  alternative,  if 
selected  as  the  remedy,  must  function  effectively  given  the  uncertainties 
identified  in  Cluster  4.  To  properly  evaluate  t^  alternatives,  they  must 
be  extended  to  include  several  ‘what  if*  scenarios  for  the  uncertainties. 
For  example,  the  alternative  of  controlling  the  MCL  target  volume, 
treating  the  water  with  an  air  stripper  and  vi^r  phase  carbon,  and 
delivering  the  water  to  the  water  utilities  needs  to  be  evaluated  for  a 
range  of  potential  flows  (due  to  the  uncertainty  of  the  extent  of  contami¬ 
nation),  and  a  range  of  potential  concentrations  (due  to  the  uncertainty  of 
the  distribution  of  the  contaminants  and  the  actual  flows  from  the  extrac¬ 
tion  ^stem).  Adding  only  these  two  uncertainties  means  the  number  of 
alternatives  to  be  evaluated  could  be  66  times  3  flows/target  volume 
times  3  concentrations  per  flow,  or  594  alternatives.  Givm  there  are 
additional  uncertainties  to  be  evaluated  and  multiple  evaluation  criteria, 
there  are  potentially  thousands  of  alternatives  that  require  evaluation.  A 
decision  analysis  model  was  constructed  to  assemble  and  evaluate  the 
alternatives,  select  die  dominant  strategies,  and  perform  smsitivi^ 
analyses  on  the  strategies.  Figure  12-1  shows  the  process  of  screening 
and  assembling  the  alternatives.  Appendix  H  contains  the  model’s 
development  and  results. 

The  primary  goal  for  the  Groundwater  OU  remediation  plan  is  to  develop 
a  strategy  which  selects  an  extraction  network  design,  treatment 
technology,  and  efflumt  discharge  system  to  successfully  remediate  the 
contaminated  groundwater  at  McClellan  AFB.  The  remediation  plan 
should  select  the  least-cost  alternatives  that  remove  mass  and  reduce 
contaminant  concentrations  in  the  target  volume  of  groundwater  to  the 
required  level.  The  plan  must  analyze  the  impacts  of  several  inqwrtant 
uncertainties  and  risks,  including  variability  in  flow  and  contaminant 
concentrations,  potoitial  impacts  from  air  emissions  during  groundwater 
treatmmt,  suitability  of  treated  water  for  end  uses,  and  changing  the 
mission  of  McClellan  AFB  to  dual  use.  The  selected  strategy  must  be 
flexible  so  that  it  can  respond  to  the  changing  future  conditions  of  these 
uncertainties  and  risks. 
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FIGURE  12>1 

PROCESS  FOR  ASSEMBLING  AND 
SCREENING  ALTERNATIVES 

GROUNDWATER  OPERABLE  UNIT  RI/FS 
MCCLELLAN  AIR  FORCE  BASE 
SACRAMENTO.  CAUFORNIA 


Decision 

toalysis 

Model 


There  are  four  main  types  of  information  used  to  select  a  remedial  action 
alternative: 

•  Sitrategic  options— the  options,  such  as  selecting  an  extrac¬ 
tion  network  design,  from  which  the  decisionmaker  may 
choose 

•  Uncertainties— the  uncertain  state  of  events,  such  as  the 
actual  flows  from  the  different  extraction  network  designs, 
which  will  be  resolved  in  the  future  and  will  influence  the 
consequences  of  selecting  differMit  strategic  cqrtions 

•  Evaluation  criteria— the  criteria,  such  as  selecting  the  least- 
cost  solution,  which  the  decisionmaker  uses  to  evaluate  the 
strategic  options  ' 

•  Assumptions— the  rules  that  guide  the  structure  of  the 
decision,  such  as  the  requirement  to  select  a  treatment  tech¬ 
nology  alternative  before  knowing  what  the  future  ground- 
water  flow  rates  will  be,  and  the  values  of  certain  variables, 
such  as  the  probable  range  of  flow  rates  for  the  extraction 
network  design. 

These  four  types  of  information  are  modeled  in  the  decision  analysis 
process,  which  is  described  in  Appendix  H.  Two  tools  commonly  used 
in  decision  aiulysis  are  influence  diagrams  and  decision  trees.  Influence 
diagrams  dqrict  the  relationships  between  decisions,  uncertainties,  and 
evaluation  criteria.  On  the  basis  of  this  information,  a  decision  tree  is 
drawn  that  depicts  the  logical  structure  of  the  problem.  This  decision 
tree  can  be  'solved*  to  yield  an  optimal  strategy  for  accomplishing  the 
objectives,  taking  into  account  the  uncertainties  involved.  Drawing  the 
influence  diagram  and  decision  tree  and  calculating  ail  of  the  outcomes 
depicted  by  the  decision  tree  were  performed  using  the  Decision  Program 
Language  (DPL)  model  developed  by  Applied  Decision  Analysis  (ADA) 
in  Menlo  Park,  California. 

12.2  Screening  of  Alternatives 

The  screening  of  alternatives  is  performed  by  use  of  the  decision  analysis 
model  and  also  by  applying  screening  criteria  to  develop  remedial  alter¬ 
natives.  The  screening  criteria  recommended  by  the  NCP  in  Section 
300.430(e)(7)(i-iii)  are  effectiveness,  implementability,  and  cost.  Ihe 
McClellan  program  has  added  an  additional  criterion,  robustness,  to 
assess  the  alternatives’  ability  to  function  over  the  range  of  potential 
conditions,  not  just  the  conditions  known  today.  Consideration  of  robust¬ 
ness  is  particularly  important  when  selecting  a  remedy  prior  to  iiili  char¬ 
acterization  of  the  extent  of  contamination  or  complete  knowledge  of  the 
remedy’s  effectiveness.  Even  though  this  feasibility  study  supports  an 
interim  remedy,  it  is  desirable  that  the  interim  remedy  be  capable  of 
expanding  to  the  full  remedy  once  the  extent  of  contamination  is  known. 
The  extraction,  treatment,  and  end-use  options  have  been  screened  as 
separate  components  using  these  criteria;  therefore,  each  component  is 
acceptable  on  its  own.  However,  it  is  necessary  to  pick  the  most 
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cost-effective  alternatives  for  the  detailed  evaluatioo.  Applying  the 
screening  criteria  to  the  assembled  alternatives  allows  the  selection  of  the 
most  cost-effective  alternatives,  avoids  the  possibility  of  mismatched 
components,  and  recognizes  the  advantages  of  the  synergy  between  some 
of  the  components. 

12.2.1  Screening  Criteria 

The  purpose  of  screening  altemadves  during  the  remedy  selection  pro¬ 
cess  is  to  implement  remedies  that  eliminate,  reduce,  or  control  risks  to 
human  health  and  the  environment.  Section  3(X).430(aXuiXA-F)  of  the 
NCP  lists  the  expectations  that  EPA  generally  considers  in  developing 
appropriate  remedial  alternatives.  These  expectations  apply  to  remedies 
selected  for  McClellan  AFB  and  include: 

(A)  EPA  expects  to  use  treatment  to  address  the  principal  threats 
posed  by  a  site,  wherever  practicable.  Principal  threats  for 
which  treatment  is  most  likely  to  be  appropriate  include 
liquids,  areas  contaminated  with  high  concentrations  of  toxic 
compounds,  and  highly  mobile  materials. 

(B)  EPA  expects  to  use  engineering  controls,  such  as  contain¬ 
ment,  for  waste  that  poses  a  relatively  low  long-term  threat 
or  where  treatment  is  impracticable. 

(C)  EPA  expects  to  use  a  combination  of  methods,  as  appropri¬ 
ate,  to  achieve  protection  of  human  health  and  the  environ¬ 
ment.  In  itypropriate  site  situations,  treatment  of  the 
principal  threats  posed  by  a  site,  with  priority  placed  on 
treating  waste  that  is  liquid,  highly  toxic,  or  highly  mobile, 
will  be  combined  with  engineering  controls  (such  as 
containment)  and  institutional  controls,  as  appropriate,  for 
treatment  residuals  and  untreated  waste. 

(D)  EPA  expects  to  use  institutional  controls  such  as  water  use 
and  deed  restrictions  to  supplement  oigineering  controls  as 
appropriate  for  short-  and  long-term  managemrat  to  prevent 
or  limit  exposure  to  hazardous  substances,  pollutants,  or 
contaminants.  Institutional  controls  may  be  used  during  the 
conduct  of  the  RI/FS  and  implementation  of  the  remedial 
action  and,  where  necessary,  as  a  component  of  the  com¬ 
pleted  remedy.  The  use  of  institutional  controls  shall  not 
substitute  for  active  response  measures  (e.g.,  treatment 
and/or  contairunent  of  source  material,  restoration  of 
groundwaters  to  their  beneficial  uses)  as  the  sole  remedy 
unless  such  active  measures  are  determined  not  to  be  practi¬ 
cable,  based  on  the  balancing  of  trade-offs  among  alterna¬ 
tives  that  is  conducted  during  the  selection  of  remedy. 

(E)  EPA  expects  to  consider  using  irmovative  technology  when 
such  technology  offers  the  potential  for  comparable  or 
superior  treatment  performance  or  inq>lementability,  fewer 
or  lesser  adverse  impacts  than  other  available  approaches. 
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or  lower  costs  for  similar  levels  of  performance  than  dem¬ 
onstrated  technologies. 

(F)  EPA  expects  to  return  usable  groundwaters  to  their  boieii- 
cial  uses  wherever  practicable,  within  a  timeframe  that  is 
reasonable  given  the  particular  circumstances  of  the  site. 
When  restoration  of  groundwater  to  beneficial  uses  is  not 
practicable,  EPA  expects  to  prevoit  fiutiier  migration  of  the 
plume,  prevent  exposure  to  the  contaminated  groundwater, 
and  evaluate  further  risk  reduction. 

The  alternatives  screening  criteria  for  McClellan  AFB’s  Groundwater  OU 
RI/FS  are  presented  as  follows: 

(1)  ^ectiveness.  This  criterion  focuses  on  the  degree  to  which 
an  alternative  reduces  toxicity,  mobility,  or  volume  through 
treatment,  minimizes  residual  risks  and  affords  Irmg-term 
protection,  complies  with  ARARs,  niiniitii«»«  short-term 
impacts,  and  how  quickly  it  achieves  protection.  Alterna¬ 
tives  providing  significantly  less  effectiveness  than  other, 
more  promising  alternatives  may  be  eliminated.  Alternatives 
that  do  not  provide  adequate  protection  of  human  health  and 
the  enviroiunent  shall  be  eliminated  from  further  consider¬ 
ation. 

(2)  ImplementabUity.  This  criterion  focuses  on  the  technical 
feasibility  and  availability  of  the  technologies  each  alterna¬ 
tive  would  employ  and  the  administnuive  feasibility  of 
implementing  the  alternative.  Alternatives  that  are  techni¬ 
cally  or  administratively  infeasible  or  that  would  require 
equipment,  specialists,  or  facilities  that  are  not  available 
within  a  reasonable  period  of  time  may  be  eliminated  from 
further  consideration. 

(3)  Cost.  The  cost  of  construction  and  any  long-term  costs  to 
operate  and  maintain  the  alternatives  shall  be  considered. 
Costs  that  are  grossly  excessive  compared  to  the  overall 
effectiveness  of  alternatives  nuy  be  considered  as  one  of 
several  factors  used  to  eliminate  alternatives.  Alternatives 
providing  effectiveness  and  implem^tabUity  similar  to  that 
of  another  alternative  by  employing  a  similar  method  of 
treatment  or  engineering  control,  but  at  greater  cost,  may  be 
eliminated. 

(4)  Robustness.  This  criterion  is  a  measure  of  an  alternative’s 
ability  to  not  only  flmction  over  the  range  of  conditions 
known  today,  but  also  be  implemented  under  unknown,  yet 
probable,  conditions  in  the  future.  An  alternative  that  meets 
the  other  screening  criteria  as  well  as  other  alternatives,  but 
is  not  as  flexible  under  a  probable  range  of  uncertainties, 
can  be  eliminated  from  consideration. 
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12.2.2  Results  of  the  Screening 


The  results  from  the  decision  analysis  model  (Appendix  H)  and  the 
technology  screening  (Appendix  I)  were  used  to  assemble,  screen,  and 
choose  six  alternatives  that  remove  mass  and  reduce  contaminant  concen¬ 
trations  in  a  target  volume  of  groundwater  to  the  required  level.  The 
alternatives  chosen  are  made  up  of  extraction,  treatment,  and  end-use 
systems.  Various  combinations  of  three  target  volumes,  four  treatment 
technologies,  and  two  end-use  systems  differentiate  the  six  alternatives  as 
shown  in  Table  12-1. 


Table  12-1 

Alternatives  for  GW  OU  FS 

Altei^ 

native 

Extrac¬ 

tion 

Target 

Volume 

Extraction 

Flow  Rate  (ginn) 

Treatment  System* 

End-Use 

^ttem‘ 

Basewide 

East 

West 

East 

West 

Basewide 

I 

MCL 

460 

630 

AS/CatOx/ 

LGAC 

GWTP 

System  2 

2 

10-* 

Cancer 

Risk 

590 

820 

AS/CatOx/ 

LGAC 

GWTP 

(w/eicpansion) 

System  2 

3 

Back¬ 

ground 

710 

1,300 

AS/CatOx/ 

LGAC 

GWTP 

(w/expansion) 

System  2 

4 

10-“ 

Cancer 

Risk 

590 

820 

AS/VGAC/ 

LGAC 

GWTP 

(w/expansion) 

System  2 

5 

10-* 

Cancer 

Risk 

590 

820 

AS/CatOx/ 

LGAC 

GWTP 

(w/expansion) 

System  1 

6 

_ 1 

10* 

CatKer 

Risk 

590 

820 

LGAC 

GWTP 

(w/expansion) 

System  2 

Ttettment  Syrtem  Definitions:  AS  =  Air  Stripping;  CstOx  =  Catalytic  Oxidation 

Offgas  Treatment;  LG  AC  =  Liquid-Phase  Granular  Activated  Caibon;  and  VGAC  = 
Vapor-Phase  Granular  Activated  Carbon  Offgas  Treatment. 

‘End-Use  System  Definitions:  System  1  =  Water  Utilities  (primary);  Greywater 
(secondaty,  west  only);  and  Magpie  Creek  (backup).  System  2  =  Injection  (primaiy); 
Greywater  (secondaty,  west  only);  and  Magpie  Creek  (backup  and  contingency). 

McClellan  AFB  was  divided  into  an  "east"  and  a  ’west”  side  (with  the 
runway  representing  the  dividing  line)  for  purposes  of  screening  alter¬ 
natives.  This  approach  took  into  account  the  existing  GWTP  located  on 
the  west  side  of  the  Base.  The  basis  for  this  approach  was  the  cost  of 
treating  water  on  the  east  side  of  the  Base  (constructing  and  operating  a 
new  treatment  plant)  is  less  than  conveying  the  water  to  the  existing 
GWTP.  The  groundwater  extracted  from  underneath  OUs  B,  C,  and  D 
would  be  piped  to  the  GWTP,  while  groundwater  under  OU  A  would  be 
piped  to  a  new  plant  constructed  on  the  east  side  of  the  Base. 
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The  decision  analysis  model  considered  four  different  cleanup  strategies 
in  screening  remedial  action  alternatives.  These  cleanup  strategies  were 
reflected  in  each  of  the  target  volumes: 

•  Hot  spots  are  delineated  by  a  concentration  of  SOO  ttgl\  of 
TCE. 

•  MCL  is  delineated  by  a  concentration  of  5  /ig/1  TCE.  (The 
MCL  target  volume  was  determined  largely  by  the  extent  of 
TCE  in  groundwater.) 

•  Health  risk  is  delineated  by  a  1  x  10^  increased  lifetime 
cancer  risk. 

•  Backgroimd  is  delineated  by  a  concentration  of  0.5  ngl\  of 
any  of  the  chemicals  of  potential  concern. 

The  hot  spot  target  volume  is  not  intended  to  specifically  represent  a 
remedial  action  objective,  but  was  considered  to  evaluate  the  relationship 
between  contaminant  mass  removal  and  cost.  Isolation  of  the  hot  spot  is 
integral  to  each  groundwater  containment  option. 

The  results  from  the  technology  screening  show  that  LGAC  and  air 
stripping  would  be  the  preferred  groundwater  treatment  technologies  for 
the  east  side  of  the  Base.  This  is  consistent  with  the  decision  analysis 
model  results,  which  select  LGAC  as  the  most  viable  treatment  technol¬ 
ogy  in  the  remedial  action  strategy  for  the  MCL,  health  risk,  and  back¬ 
ground  target  volumes.  Air  stripping  and  LGAC  are  clearly  superior  to 
any  of  the  advanced  oxidation  technologies  based  on  cost,  as  can  be  seen 
from  inspecting  the  cost  curves  for  each  technology  in  Appendix  I. 
Because  of  tlie  low  net  present  cost  of  the  current  GWTP,  the  optimal 
strategy  on  the  west  side  is  to  use  the  GWTP  regardless  of  the  target 
volume.  The  next  best  alternative  is  to  use  air  stripping  as  a  treatment 
technology  on  the  west  side. 

Use  of  air  stripping  as  a  groundwater  treatment  technology  would 
require  an  offgas  treatment  technology.  Three  offgas  treatment  technolo¬ 
gies  were  evaluated  in  the  technology  screening:  CatOx,  thermal  inciner¬ 
ation,  and  VGAC.  The  technolo  screening  did  not  show  any  of  these 
three  technologies  to  be  clearly  su,  crior.  However,  thermal  incineration 
and  CatOx  could  have  air  quality  impact  and  community  acceptance 
problems.  These  were  reflected  in  the  decision  analysis  model  uncer¬ 
tainty  of  "added  permit  complexity. " 

Two  end-use  systems  for  treated  effluent  were  defined,  as  discussed  in 
Chapter  1 1 .  The  primary  end  uses  were  discharge  to  water  utilities 
(System  1)  or  injection  into  groundwater  (System  2).  In  general, 
decision  analysis  indicated  that  discharge  to  water  utilities  was  preferred 
over  injection  in  the  remedial  action  strategies.  If  additional  data  show 
no  difference  in  water  quality  between  the  treated  water  and  injection 
aquifer,  then  injection  would  be  preferred.  The  water  quality  from  the 
potential  remedial  action  treatment  facilities  can  be  estimated;  however, 
water  quality  data  are  not  available  for  the  deeper  aquifers  where  the 
water  would  be  injected.  The  decision  analysts  model  was  used  to 
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calculate  the  value  of  additional  data  collection  to  resolve  uncertainties  in 
differences  in  water  quality  between  treated  effluent  and  injection 
aquifer.  McClellan  APB  is  proceeding  with  obtaining  water  quality 
inforniation  in  the  zones  where  injection  could  take  place. 

The  six  alternatives  were  chosen  to  clearly  differentiate  the  combination 
of  extraction,  treatment,  and  end-use  options.  By  holding  two  of  the 
components  constant,  testing  of  the  possible  values  of  the  third  compo¬ 
nent  is  straightforward. 

Alternatives  1  through  3  list  the  same  treatment  and  end-use  systems,  but 
are  applied  to  different  target  volumes.  Target  volumes  treated  by 
Alternatives  1  through  3  are  MCL,  risk,  and  background,  respectively. 
Comparison  of  these  three  alternatives  wilt  identify  the  different  costs 
and  benefits  of  the  three  potential  target  volumes. 

Alternative  4  treats  the  same  target  volume  and  has  the  same  end-use 
system  as  Alternative  2,  but  uses  VGAC  instead  of  CatOx  in  the  treat¬ 
ment  system.  This  is  in  case  air  emissions  exceed  permit  requirements. 
Comparison  of  these  two  alternatives  will  identify  the  difference  in  costs 
and  benefits  of  the  two  most  viable  offgas  treatment  options. 

Alternative  5  treats  the  risk  target  volume,  as  does  Alternative  2,  but 
uses  a  different  end-use  system.  Alternative  5  delivers  the  treated  water 
to  local  utilities,  while  Alternative  2  injects  treated  water  back  into  the 
aquifer.  Comparison  of  these  two  alternatives  will  identify  the 
differences  in  costs  and  benefits  of  the  two  most  viable  water  end-use 
options. 

Alternatives  2  and  6  treat  the  risk  target  volume  and  use  the  same  end- 
use  system,  with  the  difference  being  in  the  treatment  systems. 
Alternative  6,  treatment  only,  consists  of  water  polishing  using  LGAC 
treatment.  Comparison  of  these  two  alternatives  will  identify  the 
differences  in  costs  and  benefits  of  the  two  most  viable  treatment  options. 

A  detailed  evaluation  of  the  six  alternatives  is  presented  in  Chapter  13, 
Implementation  Plans  and  Detailed  Evaluation. 
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Chapter  13 

Implementation  Plans  and  Detailed 
Evaluation 


Inqilementation  plans  for  each  of  the  six  remedial  action  alternatives  have 
bera  prepared  and  are  summarized  in  this  chapter.  Each  of  the  alterna¬ 
tives  is  evaluated  against  the  evaluation  criteria  and  compared  to  the 
other  alternatives.  The  role  of  the  detailed  evaluation  in  the  alternative 
selection  process  is  illustrated  in  Figure  13-1.  The  preferred  remedy  is 
presented  following  the  detailed  evaluation. 

The  six  alternatives  which  were  selected  allow  comparison  of  each  com¬ 
ponent  as  if  it  were  part  of  a  complete  remedy.  Alternatives  1,  2,  and  3 
each  have  different  target  volumes  (MCLs,  10^  cancer  risk,  and  back- 
groimd,  respectively),  but  consistent  treatmont  and  end-use  options.  This 
allows  the  comparison  of  the  relative  difference  of  the  various  target 
volumes  under  each  of  the  evaluation  criteria.  Alternatives  2,  4,  and  6 
each  have  different  treatment  options,  but  consistent  target  volumes  and 
end  uses  to  allow  the  comparison  of  the  three  most  promising  treatment 
options.  Alternatives  2  and  S  have  different  end-use  options,  but  consis¬ 
tent  target  volumes  and  treatment  options  to  allow  the  comparison  of  the 
two  end-use  options. 

13.1  Implementation  Plans 

An  implementation  plan  has  been  developed  for  each  alternative.  The 
objective  of  the  plan  is  to  provide  a  workable  and  efficient  approach  and 
schedule  for  implementing  the  remedial  action. 

The  implementation  plans  for  each  alternative  are  illustrated  in 
Figures  13-2  through  13-7.  The  central  focus  of  the  plan  is  the  base  map 
of  McClellan  AFB,  which  presents  for  each  alternative  the  appropriate 
target  volumes  by  zo-  e,  the  proposed  collection  piping,  end-use  piping, 
and  the  proposed  east  treatment  plant.  Also  presented  for  each  alterna¬ 
tive  are  illustrations  dq>icting  the  current  treatment  processes  used  by  the 
west  treatment  plant  and  those  processes  proposed  for  the  east  treatment 
plant;  a  table  of  statistics;  and  a  table  of  the  critical  milestones  for 
completion  of  the  remedial  action.  The  locations  of  the  extraction  and 
monitoring  wells  are  presented  in  Appendix  E  and  in  Chapter  8. 

The  ccniponents  of  each  alternative  have  been  detailed  in  the  previous 
chapters.  The  following  discussion  will  focus  on  the  scheduling  and  cost 
information  developed  for  each  alternative. 
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13.1.1  Uncertainties  and  Priorities 


The  groundwater  remedy  can  be  divided  into  projects  and  prioritized  by 
considering  the  relative,  albeit  qualitative,  potential  risk  of  several  areas 
of  uncertainty,  and  the  iqipropriate  sequencing  of  activities.  A  decision 
on  the  interim  remedy  is  possible  if  the  remedy  addresses  the  uncertain¬ 
ties  at  the  appropriate  times  and  makes  the  proper  adjustments.  Follow¬ 
ing  are  the  principle  uncertainties  identified  by  the  Rl/FS: 

1 .  Extent  of  contamination.  This  can  be  subdivided  into  the  follow- 
ing  projects: 

a)  Investigation  of  the  deep  plume  (Monitoring  Zones  D  and 
E)  beneath  OUs  B  and  C 

b)  Investigation  of  the  extent  of  the  plume  moving  offbase 
from  OU  B 

c)  Investigation  of  the  extent  of  the  southern  OU  A  plume 

d)  Investigation  of  the  extent  of  contamination  east  (offbase)  of 
OU  A 

e)  Investigation  of  the  extent  of  contamination  in  OUs  G  and  H 

f)  Investigation  of  the  presence  of  groundwater  contamination 
west  of  OU  A,  and  also  east  of  OU  C  (near  the  runway) 

g)  Investigation  of  the  presence  of  groundwater  contamination 
at  OUs  E,  F,  G,  and  H 

h)  Investigation  of  the  low  concentration  plume  west  of  OU  C 
(offbase) 

i)  Refinement  of  the  OU  D  plume  estimate 

Projects  related  to  the  extent  of  contamination  can  be  simply 
defined  as  the  work  necessary  to  define  the  size  of  the  interim 
remedy’s  target  volume  for  containment. 

2.  Response  of  the  groundwater  system  to  the  remedial  action.  This 
can  be  subdivided  into  the  following  projects: 

a)  Obtainment  of  aquifer  parameters  from  extraction  wells 
using  longer  term  aquifer  tests  (up  to  72  hours) 

b)  Investigation  and  testing  of  the  effectiveness  of  horizontal 
wells  in  controlling  the  groundwater  flow  in  areas  subject  to 
dewatering,  and  also  as  a  replacement  for  the  potential  large 
number  of  vertical  extraction  wells 


RDOIOOI2C6E.WPS(OW  RI/FS) 


13-15 


6/23/94 


c)  Design  of  the  long-term  data  acquisition  system  to  obtain 
faster  results  during  the  phased  implementation  of  the 
remedy 

d)  Treatability  studies  of  both  standard  technologies  and  inno¬ 
vative  technologies 

e)  Investigation  of  the  ciqiacity  to  inject  water  as  the  end  use 

f)  Testing  of  the  ability  to  inject  treated  water  in  or  near  the 
hot  spots  while  maintaining  capture 

The  projects  related  to  the  response  of  the  groundwater  system  can 
be  simply  defined  as  the  work  necessary  to  refine  the  conc^tual 
design  of  the  remedy  so  systems  can  be  built  at  the  appropriate 
capacity. 

3.  Flows  and  concentrations  requiring  treatment.  This  can  be  sub¬ 
divided  into  the  following  projects: 

a)  Investigation  of  the  background  concentrations  for  metals  in 
groundwater  to  determine  if  the  metals  present  in  uniilteied 
samples  are  a  result  of  McClellan  AFB’s  operations. 

b)  Determination  of  the  metals  concentrations  in  groimdwater 
extracted  over  a  long  period  of  time  to  decide  on  the  need 
for  metals  removal  prior  to  injection,  or  other  end  uses. 
Even  if  the  metals  are  naturally  occurring,  they  may  be  at 
concentrations  greater  than  the  discharge  limits  for  the  end 
uses. 

c)  Improvement  of  the  conceptual  design  of  the  remedy  by 
adding  information  on  the  extent  of  contamination,  the 
groundwater  system  response,  and  the  flows  and  concentra¬ 
tions  that  need  to  be  treated  at  defined  points  in  the  project. 

There  are  numerous  additional  implementation  debuls  that  will  be 
resolved  during  the  remedial  design  and  remedial  action.  In  several 
instances,  contingency  plans  need  to  be  put  in  place  as  an  immediate  part 
of  the  remedy  (e.g.,  designing  a  wellhead  treatment  unit  for  City 
Wells  132  and  13S  in  case  contamination  reaches  that  area  prior  to  con¬ 
tainment  of  the  plume  moving  south  from  OU  B). 

The  interim  remedial  action  alternatives  can  be  considered  to  have  base¬ 
line  requirements  that  are  common  to  each  alternative,  and  specific 
requirements  that  are  different  for  each  alternative.  The  selected  alterna¬ 
tive  will  need  to  be  capable  of  meeting  both  the  baseline  and  specific 
requirements.  An  exanq>le  of  a  baseline  requirement  is  each  alternative 
needs  further  definition  of  the  extent  of  contamination.  An  example  of  a 
specific  requirement  is  Alternative  I  must  contain  all  groundwater  with 
contaminant  concentrations  greater  than  MCLs.  Contingency  plans  are 
typically  baseline  requirements,  but  could  have  small  deviations  by 
alternatives. 
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Following  are  the  baseline  requirements  for  each  alternative: 


•  Determine  the  extent  of  contamination. 

•  Obtain  aquifer  parameters. 

•  Determine  the  effectiveness  of  horizontal  wells. 

•  Design  the  long-term  data  acquisition  system. 

•  Determine  the  capacity  to  inject  water  as  the  end  use. 

•  Determine  the  ability  to  maintain  containment  of  the  hot 

spots  while  injecting  treated  groundwater  to  enhance  flush¬ 
ing. 

•  Determine  the  background  concentrations  of  metals. 

•  Determine  the  need  for  metals  removal  prior  to  use  of  the 
treated  groundwater. 

•  Design  contingency  plans  for  the  appropriate  offbase  wells 
(currently  CW132  and  CWISS,  but  there  could  be  additional 
wells  threatened  by  OU  A  contamination). 

•  Properly  decommission  BW-18  and  replace  the  water 
supply.  Sufficient  extraction  capabilities  will  be  constructed 
prior  to  the  decommissioning  of  BW-18  to  prevent  offbase 
migration  of  contamination. 

•  Properly  decommission  other  Base  wells  that  may  serve  as 
conduits  to  contamination.  This  is  an  ongoing  program. 

•  Continue  operation  of  the  Groundwater  Treatment  Plant. 

•  Contain  the  groundwater  hot  spots  as  they  are  defined  by 
further  investigation. 

•  Update  the  conceptual  model  at  rqipropriate  milestones. 

•  Continue  to  monitor  water  levels  and  water  quality  in  the 
existing  monitoring  wells. 

•  Identify  interim  end  uses  for  the  water  to  allow  extraction 
and  treatment  to  begin  independent  of  injection. 

In  assessing  priorities,  all  the  baseline  requirements  are  of  high  priority 
because  they  are  either  predecessors  to  achieving  containment,  or  prede¬ 
cessors  to  major  design  decisions,  or  activities  that  could  alleviate 
imminent  threats.  In  the  case  of  the  determination  of  the  extent  of  con¬ 
tamination,  there  is  a  subset  of  priorities,  with  the  highest  priorities 
being: 


•  Deep  plume  beneath  OUs  B  and  C 

•  Plume  moving  south  from  OU  B 

•  Southern  OU  A  plume 

•  OU  A  plume  offbase  to  the  east 

•  OUs  G  and  H  plume 
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Following  are  the  lower  priorities  for  investigation  of  the  extent  of 
contamination: 

•  Investigation  of  the  extent  of  contamination  west  of  OU  A 
and  east  of  OU  C  in  the  runway  area 

•  Investigation  of  the  presence  of  groundwater  contamination 
at  OUs  E,  F,  G,  and  H 

•  Investigation  of  the  low  concentration  plume  west  of  OU  C 
(offbase) 

•  Refinement  of  the  OU  D  plume  estimate 

Priorities  for  Containment 

The  remedy  must  be  implemented  in  a  phased  approach  because  of  the 
need  to  resolve  uncertainties,  the  magnitude  of  the  potential  remedy,  and 
resource  constraints.  The  priorities  for  containment,  and  the  basis  for 
the  priority,  are  discussed  in  the  following  paragraphs. 

High  priority  containment  projects  include: 

•  OU  A  offbase  to  the  east 

•  OU  A  southern  plume  offbase 

•  OU  B  offbase  plume 

•  OU  B/C  deep  plume  (considerable  investigation  is  needed 
prior  to  containment) 

•  Hot  spots  in  OU  A  (two  hot  spots),  OU  B  (two  hot  spots), 
and  OU  C  (one  hot  spot  known  today) 

The  OU  A  and  B  offbase  plumes  are  high  priorities  because  they  are 
potential  threats  to  offbase  water  users.  The  deep  plume  bmeath  OUs  B 
and  C  is  a  high  priority  because  the  contamination  is  in  the  more  perme¬ 
able  materials  subject  to  pumpage  by  water  users.  The  hot  spots  are  a 
high  priority  because  the  isolation  of  the  vast  majority  of  contaminant 
mass  can  be  achieved  by  containment  of  the  hot  spots. 

Lower  priority  containment  projects  include: 

•  OU  A  onbase  contamination 

•  OU  B/C  onbase  contamination 

•  Low  concentration  area  west  of  OU  C 

•  OU  D  expansion  (if  necessary) 

•  OUs  E,  F,  G,  and  H  onbase  contamination 

The  onbase  contamination  is  a  lower  priority  because  the  threat  to  the 
public  does  not  exist.  The  offbase  contamination  west  of  OU  C  is  a 
lower  priority  because  the  Air  Force  has  replaced  individual  water  wells 
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with  potable  supply,  thereby  removing  the  threat  to  the  public.  In  addi¬ 
tion,  the  concentrations  are  low  and  much  farther  from  water  supply 
wells  than  the  OU  B  plume. 

13.1.2  Scheduling 

The  schedule  for  each  alternative  was  developed  based  on  the  following 
factors: 

•  Prioritizing  of  the  implementation  8tq)S 

•  Sequence  of  activities  to  complete  the  remedial  action 
program  and  estimated  duration  of  each  activity 

•  Assumed  method  of  project  delivery 

•  Uncertainties/contingency  plans 

Detailed  schedules  for  each  alternative  are  presented  in  Appendix  S. 

The  sequence  of  major  tasks  is  presented  in  Figure  13-8,  located  in  a 
pocket  at  the  end  of  this  chapter. 

Project  Delivery 

Several  different  project  delivety  approaches  are  possible  for  implement¬ 
ing  the  selected  alternatives.  The  selected  delivery  approach  will  ulti¬ 
mately  depend  on  availability  of  funding  and  personnel.  For  example, 
funding  constraints  may  limit  the  number  of  activities  that  are  conducted 
in  parallel,  extending  the  project  schedule.  A  formal  IVoject  Delivety 
Analysis  that  determines  the  optimal  delivety  system  by  accounting  for 
possible  funding/resource  constraints  should  be  performed  prior  to 
project  execution.  Delivety  of  the  project  was  based  on  the  following 
assumptions: 


Master  pltuming  of  the  Basewide  Groundwater  remedial 
action  and  investigations  will  be  conducted  at  the  outset  of 
the  project.  The  interim  remedy  will  be  implemented  in 
three  phases.  The  first  phase  will  focus  on  reducing  uncer¬ 
tainties  and  begirming  containment  on  the  high  priority 
areas.  The  second  phase  will  reduce  remaining  uncertain¬ 
ties  (mostly  extent  of  contamination),  complete  containment 
of  the  high  priority  areas,  and  begin  containment  of  lower 
priority  areas.  The  third  phase  will  complete  containment 
of  the  target  volume. 

The  development  and  testing  of  irmovative  technologies  will 
occur  continuously  during  the  project,  and  they  will  be 
integrated  at  the  appropriate  points.  Similarly,  the  construc¬ 
tion  of  collection  and  treatment  systems  will  start  when  they 
are  sufficiently  defined.  To  accommodate  this  approach,  a 
Groundwater  OU  Work  Plan  will  be  developed  prior  to 
Phase  1 .  It  will  include  the  overall  plan  for  the 
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Groundwater  OU  and  the  details  of  the  Phase  1  activities 
including  the  Sampling  and  Analysis  Plan  (SAP).  Following 
interpretation  of  Phase  1  results,  a  Phase  1  report  will  be 
prepared  as  well  as  the  Phase  2  Work  Plan  and  SAP. 
Following  Phase  2,  a  Phase  2  report  and  Phase  3  Work  Plan 
and  SAP  will  be  prepared.  Pertinent  design  details  will  be 
included  in  the  woik  plans. 

•  Basic  ordering  agreements  will  be  negotiated  with  subcon¬ 
tractors  for  the  installation  of  the  monitoring  and  extraction 
wells.  Task  orders  will  be  issued  as  well  locations  are 
identified  and  funded. 

•  Additional  subcontractors  will  be  solicited  for  the  laboratory 
analysis  and  sampling  teams. 

•  One  turnkey  contractor  will  be  solicited  and  contracted  by 
the  Base  to  both  design  and  construct  the  treatment  plants, 
end-use  piping,  and  collection  piping. 

•  Installation  of  the  monitoring  and  extraction  wells  will  be 
implemented  in  each  OU  in  the  order  of  the  previously 
listed  priorities. 

•  Installation  of  the  offbase  wells  will  include  individual  well¬ 
head  treatment  systems  that  will  operate  until  the  long-term 
treatment/end-use/collection  systems  are  complete. 

•  Moping  of  the  existing  utilities  will  be  conducted  in 
parallel  with  the  well  installation. 

•  Design  and  construction  of  the  collection  piping,  end-use 
piping,  and  treatment  systems  will  be  conducted  in  parallel 
with  each  other.  Design  phase  will  initiate  at  the  comple¬ 
tion  of  the  final  layout  of  onbase  wells. 

•  Testing  of  irmovative  technologies  will  be  conducted  in 
parallel  with  the  implementation  of  the  remedial  action. 

•  Pilot-scale  testing  of  irmovative  technologies  will  not  be 
implemented  in  hot  spot  areas  until  the  hot  spot  is  con¬ 
tained. 

•  Irmovative  technologies  will  be  incorporated  into  the  reme¬ 
dial  action  when  adequate  data  collected  from  bench-  and 
pilot-scale  tests  have  proven  their  perfomumce  and 
cost-effectiveness. 
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Sequence  of  Tasks 


A  specific  debiiled  sequence  of  tasks  was  established  to  more  accurately 
determine  the  schedule  and  costs  of  implementing  each  alternative.  Activ¬ 
ities  such  as  document  review  by  McClellan  AFB  and  agencies,  acquisi¬ 
tion  of  permits  and  access  agreements,  preparation  for  fieldwork,  and 
validation  of  data  were  detailed  as  well  as  the  activities  required  to 
design  and  construct  the  fiusilities. 

A  project  management  tool,  Microsoft  Project,  was  used  to  develop  the 
schedules  for  each  alternative.  The  sequence  of  activities  and  estimated 
duration  were  developed  by  design  engineers  for  input  into  the  program. 
The  sequencing  was  based  on  the  following  assumptions: 

•  The  Groundwater  OU  Work  Plan  will  include  the  SAP  for 
the  next  phase  of  fieldwork.  The  SAP  will  include  a  Health 
and  Safety  Plan  (HASP)  and  Quality  Assurance  Project  Plan 
(QAPP)  addendum  (if  necessary).  Sanqrling  of  the 
Basewide  monitoring  and  extraction  wells  will  be  discussed. 
It  is  assumed  that  a  full  review  of  this  document  will  be 
conducted  by  the  agencies. 

•  Conq)letion  of  the  monitoring  and  extraction  wells  for  each 
OU  includes  the  following:  (1)  final  layout;  (2)  permit 
acquisition  and  contractor  selection;  (3)  drilling,  sampling, 
and  aquifer  testing;  (4)  laboratory  analysis;  and  (5)  data 
interpretation  and  validation. 

•  Monthly  monitoring  reports  will  be  generated  and  submitted 
to  McClellan  AFB  and  the  agencies  for  review.  These 
reports  will  summarize  the  field  activities,  including  the 
essential  monitoring  and  aquifer  test  data  and  interpretations 
as  to  whether  the  data  are  consistent  with  the  McClellan 
AFB  conceptual  model.  The  schedule  assumes  that  if  the 
monitoring  and  extraction  well  program  is  operating  within 
the  bounds  of  the  overall  strategy,  then  no  other  interme¬ 
diate  reports  will  be  submitted  to  the  agencies  until  the 
monitoring  and  extraction  well  systems  are  complete. 

•  Preliminary  and  final  design  packages  of  the  collection, 
treatment,  and  end-use  tystems  will  consist  of  plans,  specifi¬ 
cations,  design  analysis  report,  and  a  cost  analysis.  It  is 
assumed  that  only  McClellan  AFB  will  review  these  docu¬ 
ments;  copies  will  be  provided  to  the  agencies  for  their 
information. 

•  Use  of  irmovative  technologies  assumes  the  need  to  conduct 
a  bench-scale  test,  followed  by  a  pilot-scale  test,  followed 
by  the  implementation  of  the  full-scale  project. 
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Uncertainties/Contingency  Plans  in  Scheduling 


Uncertainties  in  site  conditions  could  affect  the  performance  of  remedial 
action  for  the  Groundwater  OU.  Therefore,  the  implementation  plans 
need  to  be  flexible  to  respond  to  data  and  site  conditions  differait  from 
those  considered  in  evolution  and  development  of  the  remedial  action 
alternatives.  Contingency  plans  have  been  incorporated  to  account  for 
these  uncertainties: 

•  Extent  of  Contamination— Additional  monitoring  and 
extraction  wells  would  be  required  if  the  extent  of  contami¬ 
nation  is  greater  than  anticipated. 

•  Hydrological  Response  to  System— Additional  extraction 
wells  would  be  required  if  flows  from  the  extraction  ^stem 
were  less  than  anticipated.  Impacts  to  the  implementation 
schedule  may  be  as  above. 

•  Treatment  Plant  Performance  (Capadty  and 
Effectiveness)— Additional  time  has  been  allocated  in  the 
implementation  plan  for  revising  the  treatment  plant  process 
train  if  the  plant  does  not  perform  as  expected  or  the  flow 
and  quality  of  the  influent  is  not  consistoit  with  the  design 
parameters. 

The  inq>lementation  schedules  presented  in  Figures  13-2  through  13-7 
include  two  dates;  earliest  completion  and  latest  completion.  The 
earliest  completion  date  assumes  that  the  remedial  action  was  imple¬ 
mented  without  the  need  for  contingency  plans.  The  latest  conqrletion 
date  assumes  that  data  inconsistent  with  the  conceptual  model  were 
encountered  during  the  project  and  that  full  implementation  of  the  contin¬ 
gency  plans  was  required. 

13.1.3  Cost  Estimating 

Cost  estinutes  for  each  alternative  are  sumnuuized  in  Tables  13-1.  The 
detailed  estimates  are  located  in  Appendix  R.  The  budget-level  estimates 
were  developed  based  on  ciqiital  and  operation  and  maintenance  costs. 
These  costs  were  further  aiudyzed  using  the  measures  of  present  worth, 
total  cash  outlay,  and  total  Base  costs. 

Capital  costs  include  both  construction  and  engineering.  Construction 
costs  were  based  on  either  vendors’  quotes  or  recent  bids  for  similar 
projects.  Engineering  costs  were  developed  based  on  the  level  of  effort 
required  to  complete  each  of  the  specified  tasks. 
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13.2  Detailed  Analysis  of  Altematives 

13.2.1  Overview 

Each  of  the  six  alternatives  was  evaluated  against  11  criteria.  The  fiist 
nine  of  these  criteria  match  those  recommended  by  the  EPA  in  guidance 
documnttation  for  conducting  RI/FS  work.  Two  addititmal  criteria, 
impact  of  uncertainties  and  cost-effectiveness,  have  be«)  added  to 
conqilete  the  evaluation  process. 

13.2.2  Description 

The  evaluation  criteria  are  grouped  such  that  two  are  threshold  criteria, 
which  any  alternative  must  meet;  five  are  conpariaon  criteria,  which 
allow  conparison  of  the  altematives  against  each  other;  and  two  are 
other  criteria,  which  may  not  come  into  play  in  this  RI/FS  r^rt,  but 
require  attention  and  consideration  later  in  the  Groundwater  OU  remedial 
effort. 

The  following  threshold  criteria  ate  used  in  this  documoit; 

•  Overall  Protection  of  Human  Health  and  the  Environment 

•  Conqrliance  with  ARARs 

The  following  conparison  criteria  are  used: 

•  Long-Term  Effectiveness  and  Pennanmce 

•  Reduction  in  Toxicity,  Mobility,  and  Volume  through 
Treatmoit 

•  Short-Term  Effectiveness 

•  Implementability 

•  Cost 

The  following  criteria  will  not  be  addressed  in  this  document  and  will 
require  further  examiruttion  following  agency  and  public  comment 
periods  on  the  RI/FS  documoit: 

•  State  Accqrtance 

•  Community  Acceptance 

These  criteria  form  the  minimum  criteria  recommended  by  the  EPA. 

For  this  site,  the  following  two  additional  criteria  have  been  identified 
and  have  relevant  bearing  on  the  evaluation  of  the  altematives; 

•  Cost-Effectiveness 

•  Response  of  Altematives  to  Uncertainties 
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13.2.3  Overall  Protection  of  Human  Health  and  the 
Environment 


The  No-Action  Alternative  would  not  provide  adequate  protection  to 
human  health  and  the  environment.  While  there  are  no  signidcant  risks 
to  human  health  or  the  enviroiunent  under  current  conditions,  ground¬ 
water  contaminants  within  OUs  A,  B,  and  C  are  not  contained  and  have 
the  potential  to  migrate  offbase  and  impact  offbase  municipal  or  supply 
wells. 


Alternatives  1  through  6  provide  equivalent  protection  of  human  health 
and  the  environment.  Each  alternative  contains  contaminated  ground- 
water  and  prevents  future  migration  offbase.  Figure  13-9  is  a  compar¬ 
ison  of  the  average  risk  of  contracting  cancer  for  American  adults,  the 
risk  of  contracting  cancer  as  a  result  of  Sacramento’s  current  air  quality, 
and  the  risks  from  consumption  of  the  groundwater  after  the  remedial 
action  is  in  place  (residual  risk).  As  simwn  in  Figure  13-9,  eadi  target 
volume  is  associated  with  some  residual  level  of  increased  cancer  risk. 
However,  these  risks  fidl  within  the  KT*  to  lO**  range  that  remedial 
actions  are  erqtected  to  achieve  under  the  NCP. 
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13.2.4  Compliance  with  ARARs 

The  No-Action  Alternative  is  not  adequate  to  meet  ARARs  or  to  fully 
remove  the  possibility  of  future  exposure  to  the  public  water  supplies. 
Concentrations  of  groundwater  contaminants  exceed  allowable  levels 
under  state  and  federal  requirements.  The  OU  D  ctqjture  zone  is  ade¬ 
quate  for  the  contamination  within  the  OU  D  hot  spot,  but  the  OU  B/C 
plume  and  the  OU  A  plume  are  not  fully  contained  by  the  existing 
systems. 

Table  13-2  summarizes  how  Alternatives  1  through  6  comply  with  the 
ARARs.  All  of  the  alternatives  meet  MCLs  under  the  Safe  Drinking 
Water  Act  and  meet  target  cancer  risk  levels  under  the  NCP.  Treated 


FIGURE  13-9 
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GROUNOWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 
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water  would  achieve  discharge  requiiemeata  under  the  Clean  Water  Act 
and  California’s  Inland  Surfuse  Water  Plan  requirements. 


Table  13-2 

CompliaMe  with  AKASs 

AltenMdTe 

No  Action 

1 

2 

3 

4 

5 

4 

Meet!  Safe  Drinking  Water  Act 
Critarit  (MCLi) 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

Meats  SWRCB  Reaohition  9249 
CTBQ-Background  Remedial 

Goal 

✓ 

Maeu  Talgat  Risk  Laval 

Ramedial  Ooala  per  NCP 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

Maati  CWA  Diacharge 
Raquitemenla 

Not 

applicable 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

Maata  SWRCB  Inland  Surface 
Waters  Plan  Raquirements 

Not 

applicable 

✓ 

✓ 

✓ 

✓ 

✓ 

Meets  SMAt^tdD  Rule  202,  New 
Source  Review- Without  Base 

Action  to  OffiMt  NO,  or  ROQ 

Not 

applicable 

✓ 

Potentially  MeeU  TRACT 

Not 

applicable 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

Meets  RCRA  Requirements 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

Meets  SWRCB  Resolution  6816- 
Nondegradation  Policy 

✓ 

✓ 

✓ 

✓ 

✓ 

Alternatives  1,  2,  3,  and  5  would  use  air  stripping  with  CatOx  for  offgas 
control  from  air  stripping  towers.  These  alternatives  are  subject  to 
ARARs  limiting  acceptable  NO.  discharges  and  requiring  best  available 
control  technology  (BACT)  for  offgas  control  on  new  emission  sources. 
Currently,  McClellan  AFB  is  not  permitted  to  discharge  additional 
amounts  of  NO..  Tbese  alternatives  potentially  would  not  meet 
Sacramento  Municipal  Air  Quality  Management  District  (SMAQMD) 
rules  for  new  source  review.  To  operate  the  equipment  identified  in 
these  alternatives,  it  will  be  necessary  for  McClellan  AFB  to  offset  NO. 
emissions  from  other  sources  within  the  Base. 

Alternative  4  would  use  vapor  phase  carbon  for  offgas  control  in  the  east 
side  plant.  This  option  is  expected  to  allow  slight  VOC  emissions  into 
the  air,  but  will  not  create  NO.  or  SO..  This  technology  has  bem  con¬ 
sidered  BACT.  Removal  efficiencies  are  expected  to  be  in  the  range  of 
95  to  99  percent  for  most  compounds  in  stripper  offgas.  Methylene 
chloride  and  vinyl  chloride,  which  have  relatively  limited  extent  in 
groundwater,  would  not  be  efficiently  controlled  by  vapor  phase  carbon. 
Generally,  offgas  concentrations  would  be  low  or  nondetect,  with 
occasional  transient  peaks.  A  risk  assessment  would  be  required  to  eval¬ 
uate  if  the  emissions  from  these  concentrations  would  require  Best 
Available  Control  Technology-Toxics  (T-BACT)  under  SMAQMD 
requirements. 

The  existing  GWTP  is  currently  operating  under  the  substantive  require¬ 
ments  of  permits  for  water  and  air  discharge.  These  permits  were 
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initially  givm  based  on  water  flow  rates  of  1,000  gpm.  Alternatives  2 
and  3  require  expansion  of  the  existing  GWTP  to  greater  than 
1,000  gpm.  Compliance  with  ARARs  would  be  readily  achievable  for 
Alternatives  2  and  3. 

The  California  DHS— Office  of  Drinking  Water  opposes  the  sale  of  the 
treated  groundwater  to  the  utilities  on  the  basis  of  policy.  This  weighs 
against  sale  of  the  water  to  the  utilities  and  makes  injection  more 
favorable. 


13.2.5  Long-Term  Effectiveness  and  Permanence 

This  criterion  is  ^>plicable  to  all  altenutives.  It  is  applied  to  each 
alternative  in  terms  of  the  risk  remaining  at  the  site  after  the  response 
objectives  have  been  met;  that  is,  after  concentrations  of  contaminants  in 
the  target  volumes  have  been  reduced  to  the  target  concentrations  (MCL, 
background,  or  10^  cancer  risk).  The  primary  focus  of  diis  evaluation  is 
the  extent  and  effectiveness  of  controls  that  may  be  reqiured  at  the 
conclusion  of  remedial  activities. 

The  No-Action  Altonative  is  not  effective  in  the  long-term  since  contain¬ 
ment  of  hot  q>ots  in  OUs  A,  B,  and  C  is  not  achieved,  and  contamination 
may  migrate  offsite  from  these  areas. 

Altenutive  1  contains  and  treats  contamirumts  in  the  MCL  target  volume. 
Alternatives  2,  4,  5,  and  6  contain  and  treat  concentrations  in  the  1(1* 
cancer  risk  target  volume,  while  Alternative  3  contains  and  treats  conc«i- 
trations  in  the  background  concentration  target  volume.  The  magnitude 
of  the  residual  risk  resulting  after  the  response  objectives  are  met  for 
each  of  these  target  volumes  is  shown  in  Figure  13-9. 

Following  the  remedial  action,  all  alternatives  ate  expected  to  be  effec¬ 
tively  equivalent  in  their  adequacy  and  reliability  of  controls. 

13.2.6  Reduction  in  Toxicity,  MobRity,  and  Volume 
through  Treatment 

This  comparison  criterion  is  applicable  to  all  alternatives.  It  focuses 
mainly  on  the  treatment  system,  identifying  the  fate  of  extracted  contami¬ 
nants,  and  secondarily  on  the  mass  of  contaminants  that  are  destroyed 
from  the  site. 

Alternatives  1,  4,  and  6  allow  the  direct  comparison  of  the  three  treat¬ 
ment  opUcms,  air  stripping  with  catalytic  oxidation  as  the  offgas  treat¬ 
ment,  ur  stripping  wi&  vapor-phase  carbon  as  the  offgas  treatmoit,  and 
liquid-phase  granular  activated  carbon  (LGACT)  which  does  not  produce 
an  offgas. 

Because  spent  carbon  is  commonly  regenerated  by  desorbing  the  contami- 
lumts  and  oxidizing  the  resulting  airborne  gaseous  compoimds  (possibly 
by  thermal  or  catalytic  oxidation  processes),  there  is  not  a  significant 
difference  in  the  ultimate  destruction  of  the  contaminants;  the  difference 
is  where  it  occurs.  In  the  case  of  Alternative  1 ,  the  destruction  of  the 
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conUminants  takes  place  in  the  catalytic  oxidation  unit  (east-side  plant)  or 
thermal  oxidation  unit  (eastern  GWTF)  at  McClellan  AFB.  In  the  cases 
of  Alternatives  4  and  6,  the  destruction  of  the  contaminants  takes  place  at 
the  carbon  regeneration  facility,  which  could  potentially  be  outside 
California.  Given  the  ultimate  destruction  of  the  contaminants  is  similar 
for  the  three  treatmoit  options,  the  alternatives  are  considered  equivalent 
with  respect  to  reduction  of  toxicity  and  mobility  by  treatment. 

The  amount  of  the  contaminants  removed  from  the  groundwater  can  be 
quantified  in  three  cUfferent  ways:  toxicity,  mass,  and  volume.  The 
following  paragraphs  describe  each  of  these  amounts. 

The  target  volumes  reflect  a  level  of  residual  risk  that  would  remain  in 
the  ground  following  the  remedial  activities.  Therefore,  the  reduction  in 
risk  or  toxicity  of  the  individual  alternatives  can  be  reasonably  rq>re- 
sented  by  comparing  the  resulting  risk  value  with  existing  risks.  Risks 
vary  at  different  areas  of  groundwater  contamination;  however,  the  cur¬ 
rent  worst-case  risk  magnitude  is  ^proximately  I0r\  This  value  is 
location-specific  and  assumes  that  a  human  ingests  w^r  from  one  of  the 
hot  spots  at  McClellan  AFB.  In  comparison,  the  other  risk  values  asso¬ 
ciated  with  remediated  target  volumes  assume  a  human  ingests  that 
water,  cleaned  to  whatever  the  target  value  is  (MCL,  10^  cancer  risk,  or 
background  (<0.S  ppb). 

As  can  be  seen  from  Figure  13-10,  removal  of  risk  for  any  of  the  target 
volumes  is  essentially  100  percent,  ranging  from  greater  than 
99.99  percent  to  a  low  of  i^ut  99.97  percent.  While  these  figures  are 
subject  to  uncertainty  in  the  accuracy  of  the  risk  calculations,  they  are 
essentially  equal  in  magnitude.  Therefore,  there  is  little  difTermtiation 
between  alternatives  on  the  basis  of  reduction  of  toxicity. 

Contaminant  mass  removal  is  represented  between  target  volumes  in 
Figure  13-11.  This  figure  shows  mass  of  TCE  contained  within  concen¬ 
tration  isopleths  repiesoitative  of  the  three  target  volumes.  As  shown, 
the  overall  mass  does  not  vary  significantly  between  target  volumes; 
therefore,  there  is  no  advantage  to  one  alternative  over  another  whoi 
judged  by  this  factor. 

Figure  13-12  illustrates  the  large  volume  of  contaminated  area  and  depth 
involved  at  McClellan  AFB.  The  MCL  target  volume  encompasses 
approximately  1.2S  billion  cubic  feet,  or  46  million  cubic  yards.  In  com¬ 
paring  this  volume  to  other  target  volumes,  an  increase  by  a  hctot  of 
approximately  SO  percent  occurs  between  the  MCL  and  10^  cancer  risk 
volume,  and  a  factor  of  approximately  three  between  the  MCL  and  back¬ 
ground  volumes.  While  judging  alternatives  on  the  basis  of  this  factor 
weighs  in  favor  of  the  target  volume  which  affects  the  largest  volume  of 
soil  and  water,  it  caimot  be  weighed  highly  in  comparison  with  risk- 
based  criteria  because  there  is  little  incremental  b«iefit  in  treating  higher 
volumes  for  that  reason  alone. 
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COMPARISON  OF 
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Figure  13-11  shows  that  all  alternatives  achieve  essentially  100  percent  of 
toxicity  reduction.  In  addition,  the  increase  in  volunM  between  the  MCL 
and  background  target  volumes  appears  significant,  which  will  require 
higher  capital  and  O&M  spending.  When  conqiaring  this  significant 
volume  increase  with  the  incremental  gain  in  risk  or  toxicity  reduction,  it 
can  be  seen  that  the  gain  is  small.  This  phenomenon  suggests  that  the 
optimum  alternative  should  include  the  MCL  target  volume  to  achieve 
toxicity  reduction  essentially  equivalent  to  the  other  target  volumes  while 
treating  one-half  to  one-third  of  the  volume. 

Mobility  of  the  groundwater  contamination  is  arrested  with  any  of  the 
alternatives.  For  each  extraction  system  design,  groundwater  contain¬ 
ment  has  been  the  objective.  Therefore,  with  any  of  the  target  volumes 
within  the  alternatives,  mobility  of  conUminants  will  be  arrested,  and 
each  alternative  caiuiot  be  differentiated  from  another  on  this  basis. 
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13.2.7  Short-Term  Effectiveness 


This  comparison  criterion  is  applicable  to  all  alternatives.  Under  it, 
alternatives  will  be  evaluated  with  respect  to  effects  on  human  health  and 
the  environment  during  the  construction  and  operation  phases  of  the 
remedial  action,  until  the  remedial  response  objectives  are  met. 

The  No-Action  Alternative  is  acceptable  in  that  the  operation  of  the 
existing  groundwater  treatment  plant  does  not  pose  a  threat  to  workers, 
the  community,  or  the  environnmit.  As  a  Basewide  Groundwater  OU 
remedial  action,  it  is  unacceptable  because  it  does  not  address  various 
source  or  uncontained  contaminated  areas  and  effectively  would  require 
an  infinite  time  to  clean  up  these  areas. 

As  discussed  in  Appendix  C,  workers  involved  with  construction  of 
facilities  required  to  implement  any  of  the  remedial  action  alternatives 
would  not  be  exposed  to  any  greater  risks  than  normally  encountered 
during  construction  activities.  Construction  activities  would  not  be 
expected  to  expose  the  public  to  increased  risks. 

Short-term  health  risks  during  implementation  could  be  associated  with 
emissions  of  acid  and  oxidant  gases  from  CatOx  offgas  treatment. 
Mitigation  of  these  impacts  could  involve  selection  of  a  remedial  action 
alternative  that  does  not  involve  the  use  of  CatOx,  instidling  emission 
controls  for  acid  and  oxidant  gases,  or  siting  the  facility  so  that  air 
quality  impacts  fall  on  uninhabited  locations. 

The  time  to  reach  the  response  objective  is  variable  with  each  target 
volume  and  is  primarily  a  function  of  water  flow  rate,  and  initial  and 
final  contaminant  concentration.  Initial  concentration  and  response 
objective  (final  concentration)  vary  with  the  target  volumes  and  the 
specific  location  within  a  target  volume.  Figure  13-13  shows  an  estimate 
of  the  time  required  to  reach  the  target  concentration,  and  the  effect  of 
initial  concentration  and  final  concentrations  by  target  volume  for  TCE. 

Figure  13-13  has  been  developed  assuming  that  the  NAPLs  are  isolated 
within  the  target  volume.  It  can  be  seen  that  times  to  clean  up  increase 
as  initial  concmtrations  increase,  indicating  that  the  hot  spot  areas  will 
take  longer  than  containment  areas.  On  the  other  dimension,  it  can  be 
seen  that  cleanup  times  will  be  longer  if  the  final  concentration  is  lower, 
as  is  the  case  with  the  background  target  volume  versus  the  10*  cancer 
risk,  versus  the  MCL.  Judging  each  alternative  under  this  evaluation 
factor,  it  appears  advantageous  to  choose  alteniatives  on  the  basis  of 
MCL  target  volumes  to  minimize  cleanup  time.  If  the  DNAPLs  were 
not  isolated,  the  remediation  time  could  be  hundreds  of  years. 

With  respect  to  the  short-term  effectiveness  criterion,  the  alternatives 
based  on  the  MCL  target  volume  will  reach  the  remediation  goals  first, 
and  given  the  MCLs  are  protective  of  public  health  and  compliant  with 
ARARs,  the  alternatives  based  on  the  MCL  target  volume  would  be 
preferred. 
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13.2.8  Implementability 

This  comparison  criterion  is  applicable  to  all  alternatives.  It  is  used  to 
compare  alternatives  on  the  basis  of  technical  and  administrative  feasibil¬ 
ity  and  availability  of  materials  and  services  required  for  implementation. 
In  addition,  since  innovative  technology  implementation  and  future  source 
controls  will  be  active  at  McClellan  AFB,  this  criterion  addresses  the 
ease  of  implementing  these  future  remedial  activities. 

Alternatives  1  through  6  are  similar  in  their  technical  and  administrative 
feasibility.  All  standard  treatment  technologies  identified  for  the  alterna¬ 
tives  are  proven  in  applications  at  similar  hazardous  waste  sites. 
Engineering  principles  and  calculations  can  be  applied  to  design  and 
specify  the  types  of  equipment  in  the  options  chosen  with  relatively  high 
accuracy.  Regulatory  agencies  and  end  users  are  fantiliar  with  compo¬ 
nents  of  the  water  treatment  processes,  providing  high  institutional  and 
administrative  feasibility.  In  addition,  numerous  vendors  are  available 
for  each  component,  providing  excellent  availability  of  most  services  and 
materials. 

The  injection  of  treated  water  in  or  near  the  hot  spots  may  pose  imple¬ 
mentation  difficulties.  Modeling  indicates  injection  could  shorten  the 
time  per  pore  volume  removed,  which  in  turn  could  shorten  the  remedy. 
However,  maintaining  containment  of  the  hot  spots  with  injection  is  more 
difficult  than  without,  and  the  enhanced  flushing  will  probably  occur  in 
the  higher  permeability  zones,  which  are  the  easier  zones  to  clean  up. 
Pilot  testing  of  injection  improvements  in  hot  spot  remediation  is 
necessary  prior  to  implementing  it  as  part  of  the  remedy. 
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As  discussed  previously  in  the  implementation  plans,  each  alternative  is 
flexible  in  incorporating  innovative  technologies  into  the  remedial  action. 
While  minor  differences  exist,  the  six  alternatives  identified  do  not  differ 
significantly  in  facilitating  the  implementation  of  innovative  technologies. 

Table  13-3  summarizes  the  implementability  of  each  alternative  and 
compares  them  to  the  No-Action  Alternative. 

13.2.9  Cost 

This  comparison  criterion  is  applicable  to  all  alternatives.  It  is  used  to 
compare  alternatives  on  the  basis  of  capital  costs,  both  direct  and 
indirect,  as  well  as  O&M  costs.  In  addition,  consideration  is  given  to 
the  time  value  of  money  in  analyzing  and  conqiaring  alternatives. 


Table  13-3 

Implemeatabili^ 

Factor 

AltenurtiTes  | 

No  Actioa 

1 

2 

3 

4 

5 

6 

Techoicelly  Faeiibla 
(Many  limilar  innatla- 
tiooa) 

Not 

applicable 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

Vendora,  Inatallation 
Coniractort,  and  Opera¬ 
tions  Reaourcea  Locally 
Available 

Not 

applicable 

✓ 

✓ 

/ 

✓ 

✓ 

Compatible  with  Innova¬ 
tive  Technologies  through 
Sequenciog/Phaaing 

Not 

applicable 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

Does  Not  Require  Air 
Diicharge  Permit 

Not 

applicable 

✓ 

NO,,  ROO  Einiesions 

May  Require  Oflieu  from 
Other  Base  Source  Reduc¬ 
tions 

Not 

applicable 

✓ 

✓ 

✓ 

✓ 

Evaluation  Factors 

This  criterion  is  divided  into  four  fiu;tors: 

•  Capital  cost 

•  O&M  cost 

•  Total  cash  outlay 

•  Cost  after  1 1  years  of  project  life 

Comparison  of  Alternatives 

The  No-Action  Alternative  has  cost  associated  with  operation  and  main¬ 
tenance  of  the  existing  extraction,  treatment,  and  end-use  systems.  On 
the  basis  of  the  budget  information,  a  cost  of  $1  million  per  year  will  be 
assigned  to  this  alternative  for  O&M  costs  associated  widi  wellfield  and 
QWTP  operation.  For  comparison  purposes,  a  project  life  of  30  years 
will  also  be  assumed  for  the  No-Action  Alternative. 
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Table  13-1  summarizes  the  budget-level  costs  for  each  of  the  alternatives. 
Note  that  in  this  table,  the  GWTP  was  used  to  treat  the  westside  flow 
from  the  plant.  In  alternatives  where  treatmoit  of  greater  than  700  gpm 
was  necessary  for  the  west  side,  capital  improvemoits  for  the  GWTP 
were  accounted  for  in  the  treatment  ci^ital  cost  amounts.  In  addition, 
the  O&M  costs  of  the  GWTP  were  calculated  assuming  operations  labor 
on  the  order  of  three  to  four  full-time  equivalrat  enqiloyees  to  make 
O&M  estimates  for  the  GWTP  comparable  with  O&M  estimates  for 
other  technologies. 

The  information  contained  in  the  tables  above  is  further  evaluated  in 
Table  13-4,  which  compares  total  capital  and  O&M  costs,  net  present 
value,  total  cash  outlay,  and  costs  after  1 1  years  of  operation,  assuming  a 
discount  of  S  percent  and  a  project  life  of  20  years.  The  cost  after 
1 1  years  of  operation  is  inqmrtant  because  the  Air  Force  DERA  funding 
wiU  pay  for  operations  for  the  first  10  years  of  the  remedy,  but 
McClellan  AI^  will  need  to  pay  for  operations  past  10  years.  The  costs 
do  not  include  injection  of  treated  groundwater  in  or  near  the  hot  spots. 
The  estimated  capital  cost  of  adding  this  injection  is  $1. 1  million. 


TabfeU-« 

Cost  SMsaiy  Table 

MeCleDMi  An  Gniawlwater  Operable  Uait  RI/FS 

Cost  ladieaior 

Atteraalive  ($) 

1 

2 

3 

4 

5 

6 

CapiUlCoet 

23,293,518 

27,221,668 

35,620,337 

26,638,666 

26,696,499 

26,536,860 

O&M  Coil- In 

S  yeen 

2,208,000 

2,610,000 

3,335,000 

2,553,000 

2,912,000 

2,553,000 

O&MCoft- 
yeus  6  through 

19 

2,845,000 

3,558,000 

3,993,000 

3,656,000 

3,977,000 

4,699,000 

Net  Ptweai  Coef 

54,900,000 

66,100,000 

81,000,000 

66,000,000 

70,100,000 

74,000,000 

Total  CeUi 

Outlay* 

74,200,000 

90,100,000 

108,200,000 

90,600,000 

96,900,000 

105,100,000 

Cadi  Outlay  altar 
11  yaart* 

22,800,000 

28,500,000 

31,900,000 

29,200,000 

31,800,000 

37,600,000 

'Aasumptiona: 

Interaat  Rale  «  O.OS 

Analyaia  Period  «  20yeart 

13.2.10  State  Acceptance 

State  acceptance  is  determined  after  review  of  the  Draft  RI/FS  Rqwrt 
and  by  the  signing  of  the  IROD. 

13.2.11  Community  Acceptance 

CommuniQr  acceptance  is  also  determined  aftn  public  review  of  this 
document.  This  will  be  acconqilished  throu|^  formal  draft  reviews,  and 
public  feedbadt  will  be  included  in  the  Response  Shimmaiy  in  the  IROD. 
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13.2.12  Impact  of  Uncertainties 


The  impact  of  uncertainties  has  been  addressed  in  previous  chapters  on 
decision  analysis  and  treatment  costs.  In  the  evolution  of  this  document, 
most  of  the  cost  information  available  at  the  time  of  writing  those 
clusters  was  accurate  within  an  order-of-nu^nitude  range  (+50  percent 
to  30  percent).  The  structure  of  this  RI/PS  is  such  that  information  was 
valuable  in  leading  to  screening  alternatives  down  to  the  six  that  are  the 
subject  of  the  detailed  evaluation  in  this  clu^rter.  At  this  point,  more 
accurate  estimates  have  been  assembled  for  each  of  the  six  alternatives. 

As  discussed  in  Chapter  4,  these  uncertainties  will  be  addressed  through 
identification  of  the  uncertainties,  definition  of  the  bounds  of  each,  and 
identifying  the  potential  impact. 

Impact  of  Changes  in  Future  Hydrogeologic  Conditions 

The  magnitude  of  the  changes  in  future  hydrogeologic  conditions  ranges 
from  continued  decline  in  water  levels  to  rising  water  levels.  The 
probabilify  of  changes  in  water  consun^rtion  and  maiutgement  near 
McClellan  AFB  causing  water  levels  to  rise  is  low,  and  if  it  occurred,  it 
would  affect  the  alternatives  equally.  Design  of  the  remedial  action 
probably  does  not  need  to  include  contingency  measures  for  the  possibil¬ 
ity  of  rising  water  levels  caused  by  changes  in  groundwater  consunqrtion 
or  management  because  the  probability  is  low  and  the  change  would  be 
gradual  (years)  rather  than  instantaneous.  A  second  possibilify  for 
changing  water  levels  is  the  implementation  of  SVE  in  the  vadose  zone. 
Application  of  a  vacuum  above  the  water  table  can  cause  a  proportional 
rise  in  the  water  table.  The  duration  of  an  SVE  remedy  would  be  short 
conqiared  to  the  groundwater  remedy,  and  typically,  the  yield  of  the 
extraction  field  is  not  limited  by  the  well  construction,  so  the  design  of 
the  groundwater  remedy  does  not  need  to  be  altered  to  accommodate  this 
possibility. 

The  potential  future  conditions  that  can  affect  the  groundwater  remedy 
are  the  declining  water  levels.  Areas  of  Monitoring  Zone  A,  east  of  the 
runway,  have  an  extremely  limited  saturated  thickness  from  which  to 
extract  contaminated  groundwater.  This  situation  severely  limits  the 
quantity  of  groundwater  that  can  be  pumped  from  a  single  extraction  well 
and  results  in  a  large  number  of  wells  being  required  to  contain  the  target 
volumes  in  that  area.  The  fact  that  regional  groundwater  levels  are 
declining  in  the  vicinity  of  the  Base  suggests  that  this  situation  will  likely 
become  worse  in  the  future,  with  some  portions  of  the  A-zone  completely 
dewatering  in  IS  to  20  years. 

Different  strategies  can  be  used  to  address  this  situation  in  different 
portions  of  the  A-zone  east  of  the  runway.  These  strategies  are  briefly 
outlined  below. 

In  areas  where  both  the  A  zone  and  B  zone  are  contaminated,  contamina¬ 
tion  can  be  withdrawn  from  B-zone  wells  as  extraction  in  the  A  zone 
becomes  impractical  because  of  declining  water  levels.  The  remaining 
A-zone  extraction  wells  can  then  be  converted  or  replaced  with  SVE 
wells  or  dual-phase  extraction  wells. 
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In  areas  where  the  contaminated  A  zone  overlies  uncontaminated  B  zone, 
the  situation  is  more  complex.  Extraction  would  be  limited  to  the  A 
zone  because  extracting  from  die  B  zone  could  draw  contamination 
downward  into  clean  areas  of  the  aquifer.  The  first  step  in  these  areas 
will  be  to  install  addidonal  monitoring  wells  screened  between  the  base 
of  the  A  zone  and  the  base  of  the  B  zone  or  perform  vertical  profiling 
using  in  situ  (HydroPunch)  techniques.  The  current  monitoring  network 
consists  of  wells  that  are  predominantly  screened  at  the  base  of  their 
target  monitoring  zone.  This  results  in  target  volumes  that  are  defined 
based  on  watm*  quality  in  the  lower  portions  of  eadi  unit.  In  reality,  in 
areas  where  the  A  zone  is  significandy  contaminated,  it  is  likely  that  the 
upper  portions  of  the  B  zone  are  also  contaminated.  Information 
collected  firom  these  new  prc^msed  monitoring  wells  will  help  resolve  this 
issue.  If  the  upper  portions  of  the  B  zone  are  indeed  contaminated,  the 
A-zone  extraction  wells  will  have  a  screoied  interval  that  extends  down¬ 
ward  into  the  upper  B  zone  to  take  advantage  of  the  greater  saturated 
thickness.  In  areas  where  the  tq)per  B  zone  is  not  contaminated,  A-zone 
extraction  will  be  converted  or  r^laced  with  SVE  wells  or  dual-phase 
extraction  wells  as  groundwater  extraction  becomes  inq>ractical. 

One  other  strategy  that  may  be  iqqjlicable  for  the  A  zone  east  of  the 
runway  is  to  install  a  number  of  horizontal  wells.  One  horizontal  well 
with  a  SOO-foot  screrai  length  could  contain  and  extract  contaminated 
groundwater  in  an  area  roughly  dOO  feet  long  by  250  to  300  feet  wide. 
The  performance  of  these  wells  will  dq>end  on  the  actual  hydraulic 
conductivity  distribution  that  exists  in  the  vicinity  of  each  horizontal  well. 
The  main  b«ielit  of  this  type  of  well  installation  is  that  the  number  of 
wells  required  may  be  reduced  significantly,  and  the  associated  collection 
pipeline  costs  could  also  be  reduced.  CH2M  HILL  has  contacted  drilling 
companies  that  perform  this  type  of  drilling,  and  additional  information 
on  the  horizontal  drilling  process  is  included  in  Appendix  P.  A  single 
horizontal  well  should  be  installed,  and  the  capture  provided  should  be 
measured  prior  to  design  to  avoid  significant  differences  in  design  flow 
assuntytions. 

The  basic  implementation  strategy  for  the  remedy  is  to  install  the  extrac¬ 
tion  system  and  measure  the  flows  and  concentrations  prior  to  installation 
of  the  collection  pipelines,  treatmoit  plant,  and  raid-use  tystem.  This 
strategy  does  not  directly  measure  the  inqiact  of  the  long-term  decline  in 
water  levels  on  the  remedial  action;  therefore,  the  design  will  need 
appropriate  contingencies  to  address  lower  flows  and  a  thicker  vadose 
zone. 

Each  of  the  alternatives’  extraction  and  raid-use  systems  are  affected 
equally.  The  alternatives  with  the  treatment  systems  that  best  accommo¬ 
date  turndown  in  flow  will  be  superior  if  water  levels  decline;  however, 
the  potential  decrease  in  flow  is  small  so  the  ranking  of  the  alternatives 
does  not  change. 
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Impact  of  Changes  in  the  Extent  of  Contamination 


The  uncertainties  with  respect  to  the  extent  of  the  contamination  affect 
both  the  extent  of  the  hot  spots  and  the  overall  extent  of  the  contamina¬ 
tion  above  the  selected  cleanup  goal. 

Changes  in  the  extent  of  the  hot  spots,  as  compared  to  the  current 
estimate,  is  likely  because  new  hot  spots  may  be  identified,  and  the 
estimate  of  the  bounds  of  the  hot  spots  may  change,  during  the  collection 
of  additional  information.  The  change  may  increase  or  decrease  the  hot 
spot  volumes  and  flows,  principally  affecting  the  treatment  plant.  If  the 
hot  qx>t  volume  or  flow  is  greater  than  expecXe/A  the  contaminant  mass, 
loading  to  the  treatment  plant  will  increase  and  possibly  the  influent 
concentrations  as  well.  If  the  hot  spot  volume  or  flow  is  less  than 
expected  then  the  contaminant  mass  loading  to  the  treatment  plant  will 
decrease  and  possibly  the  concentrations  also.  This  issue  is  potentially  a 
shorter  term  issue  because  the  strategy  for  the  hot  spots  is  to  isolate  them 
from  the  plumes  so  they  are  not  continuing  sources  and  apply  innovative 
in  situ  technologies  to  reduce  the  contaminant  mass  within  them.  If  the 
innovative  in  situ  technologies  are  effective,  the  impact  of  a  difference  in 
the  hot  spot  extent  is  potentially  minimal. 

The  alternatives  are  based  on  the  interpretation  of  the  available  ground- 
water  data.  Target  volumes  have  been  identified  for  the  various  plumes 
and  remediation  goals.  Each  target  volume  has  areas  where  the  bound¬ 
ary  may  be  extended  or  reduced  based  on  the  results  of  additional 
infonnaticxi  collected  during  the  in^rlementation  of  the  remedy.  The 
range  estimated  for  the  changes  in  the  target  volumes  are  80  percent, 

120  percent,  and  ISO  percent  of  the  current  estimate.  The  decision 
aiulysis  iiKxlel  used  this  range  in  8c<vening  the  alternatives  so  the  likeli¬ 
hood  of  one  alternative  being  signiEcantly  less  effective  at  the  differmt 
target  volumes  is  low.  In  addition,  the  likelihood  of  the  target  volumes 
being  larger  than  estimated  is  lower  for  the  MCL  target  volume  and  the 
10^  risk  target  volume  than  for  the  background  target  volume.  This  is 
caused  by  the  monitoring  network,  which  has  the  greatest  well  density 
near  the  source  areas  and  the  lowest  density  in  the  fringes  of  the  plumes. 

In  the  case  of  changes  in  the  extent  of  the  hot  spots  or  changes  in  the 
extent  of  the  target  volumes,  the  implementation  strategy  planned  by 
McCleC  m  APB  can  overcome  the  potential  impacts.  The  potential 
outcomes  of  this  uncertainty  do  not  affect  any  one  alternative  more 
severely  than  another. 

Changing  Concentrations  with  Time.  As  discussed  in 
Clupter  9,  groundwater  concentrations  typically  will  decrease  with  time 
as  the  crmtamination  is  flushed  from  the  subsurface  pore  volume.  There 
is  some  imcertrunty  as  to  how  this  temporal  trend  will  occur.  Figure  9-3 
shows  total  VOC  concmitrations  in  groimdwater  from  the  existing  OU  D 
and  OU  B/C  extraction  ^sterns  decreasing  by  approximately  a  SO:  1  ratio 
after  S  years  of  operation.  Furthermore,  the  initial  concentration  fell  by 
a  10: 1  ratio  after  only  2  years  of  operation.  This  trend  to  decrease 
concentration  is  dependent  on  the  characteristics  of  the  aquifer,  the 
pumping  rate,  and  geologic  conditions.  Given  uncertiunties  associated 
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with  the  subsurface  enviromnent,  the  future  concentration  trend  of 
extracted  groundwater  VOC  concentrations  is  also  relatively  uncertain. 

Total  VOC  concentration  will  most  probably  decrease  as  treatment 
progresses.  The  uncertainty  is  the  temporal  trend  in  the  way  they  will 
decrease  and  the  trend  of  concentrations  of  specific  contaminants.  To 
develop  the  impact  of  these  uncertainties  on  the  alternatives  proposed,  the 
following  two  cases  will  be  assumed: 

•  Case  1  —Total  VOC  concentrations  drop  to  10  percent  of  the 
estimated  influent  concentrations  used  to  develop  the 
alternatives. 

•  Case  2— Concentration  of  ‘bad  actors,*  or  compounds 
which  raise  special  consideradrms  in  selecting  the  alterna¬ 
tives,  increase. 

Case  1  -  VOC  Concentrations  Drop  to  10  Percent  of 
Initial  Estimates 

In  Case  1,  the  alternatives  in  the  west  side  plant  are  not  expected  to  be 
significantly  affected  by  a  drop  in  concentrations.  Required  capital  and 
O&M  costs  are  anticipated  to  remain  essentially  constant. 

For  Alternatives  1,  2,  3,  and  S,  air  stripping  followed  by  LGAC  polish¬ 
ing  is  used  for  water  treatment  on  the  east  side.  The  carbon  polishing 
costs  are  not  estimated  to  be  significaatly  impacted  by  a  drop  in  uiflueat 
concentration;  therefore,  these  four  alternatives  wiU  be  infracted  the 
same  by  this  uncertainty. 

For  these  alternatives,  an  air  stripper  has  beat  sized  to  remove  all  con¬ 
taminants  present  to  less  than  0.5  pg/l.  Given  the  estimated  inlet  concen¬ 
trations,  tUs  relates  to  required  removal  efficiencies  of  approximately 
99.95  percent  for  TCE  in  the  air  stripper.  If  the  inlet  concentration 
drops  to  10  percmt  of  the  design  value,  the  requited  removal  efficioicy 
drops  to  99.5  percent.  Under  diese  conditions,  the  air  flow  to  the 
stripper  can  decrease  to  approximately  25  pmcent  of  the  design  value. 

This  decrease  in  airflow  results  in  a  minor  O&M  cost  savings  for 
decreased  power  consumption  in  the  air  blower.  Design  must  take  this 
range  of  airflow  into  consideration  when  qrecifying  equipment  to  allow 
one  fan  to  function  over  a  range  of  flow  rates,  but  capital  cost  is  not 
significantly  impacted. 

The  reduction  in  airflow  can  result  in  a  natural  gas  consumption  savings 
in  the  catalytic  incinerator  by  approximately  75  percent.  However,  not 
all  catalytic  incinerators  will  be  capable  of  handling  a  decrease  in  flow 
rate  to  25  percent  of  the  design  value.  In  fact,  fluidized  bed  oxidizers 
will  not  be  capable  of  handling  that  range  of  turndown  and  would  not 
allow  any  O&M  savings  to  occur.  For  fixed  bed  oxidizers,  this  range  of 
airflows  could  be  accommodated  if  the  system  was  designed  with  the 
airflow  range  as  a  criterion. 
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For  Alternative  4,  the  same  fan  power  costs  could  be  realized.  Offgas 
treatment  using  VGAC  can  easily  take  advantage  of  the  decreased  airflow 
and  organic  loading.  These  units,  which  are  conceptualized  in  the  cost 
estimates  as  rental  vessels,  csn  be  rq>laced  with  smaller  vesads  and  will 
use  less  carbon  if  the  influent  concentration  drops.  The  offgas  treatment 
rental  cost  is  anticipated  to  drop  by  approximately  60  percent  if  the 
influent  concentration  drops  to  one-tenth  of  the  initial  design  value. 
Because  of  these  fiK:tors,  Altemstive  4  is  affected  more  positively  than 
Alternative  1 this  uncertainty. 

For  Alternative  6,  LGAC  replacemeiit  costs  would  decrease  to  approxi¬ 
mately  one-tenfli  of  the  initid  design  value,  providing  ngnificant  O&M 
savings.  Capital  eqiupment  would  not  require  any  dianges.  This 
alternative  is  affected  more  positively  than  any  of  the  others  1^  this 
uncertainty. 

Case  2-  "Bad  Actors"  Concentration  Rise 

Of  the  significant  contamimnts  found  at  McClellan  AFB  and  included  in 
the  design  basis  for  equipment  sizing  and  cost  estimati<m,  vinyl  chloride 
and  methylene  chloride  deserve  special  considoation.  These  two  com¬ 
pounds  can  be  stripped  fairly  rea^y  at  the  estimated  influent  concentra¬ 
tions.  Drops  in  concentration  of  either  do  not  affect  altmnative  costs. 
However,  if  concentrations  of  either  rise  in  the  future  opmation  of  the 
extraction  system,  they  deserve  concern  under  Alternative  4. 

Alternatives  1,  2,  3,  and  S  use  CatOx  and  are  estimated  to  be  effective  at 
destroying  these  conqxamds  under  a  wide  range  of  concoitrations,  as  is 
the  west  side  GWTP. 

Alternative  4,  which  uses  VGAC  as  offgas  treatmoit  for  the  east  side 
plant,  is  relatively  ineffective  on  these  two  compounds.  VGAC  has  been 
sized  to  remove  all  compounds  that  are  more  adsorbable  than  methylene 
chloride  and  vinyl  chloride.  It  is  estimated  that  the  concentration  of 
these  compounds  is  low  in  stripper  offgas  because  of  thnr  initial  low 
concentration  in  the  influoit  groundwater  from  the  east  side.  These  low 
concentrations,  whidi  are  not  treated  by  carbon,  are  estimated  to  be 
permittable.  If  crmcentrations  in  the  influent  water  of  these  conqrounds 
rise,  crmcentrations  in  the  carbcm  treated  offgas  will  also  rise.  This 
uncertainty  in  flie  magnitude  of  the  offgas  concentration  is  fiurly  minor 
because  there  is  a  rdatively  low  probability  that  these  concentradmis  will 
rise.  However,  Alternative  4  is  weighed  less  attractive  if  inqncted  by 
this  uncertainty  because  of  potential  air  permitting  difficulties. 

Permitting  Uncertainty 

There  are  two  points  of  uncertainty  with  the  air  permitting  effort  for  the 
east  side  treatment  plant.  One  is  NO,  emissions;  the  other  is  VOCs. 

The  potential  uncertainties  associated  with  pemutting  the  sale  of  treated 
groundwater  to  the  utilities  have  been  resolved  by  California  DHS-ODW 
stating  their  policy  on  the  issue.  Sale  of  treated  groundwater  to  the 
utilities  will  not  be  allowed  under  DHS-OWD  policy. 
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NO,  Emissions.  With  Alternatives  1,  2,  3,  and  5,  CatOx  is 
proposed.  This  technology  will  create  NO,.  Rough  estimates  indicate 
that  Alternatives  1,  2,  and  S  will  generate  about  12  tons  per  year  of  NO,, 
Alternative  3  about  20  tons  per  year.  Currently,  the  Base  can  offset  NO, 
emissions  by  reducing  levels  of  NC^  from  odier  sources  at  the  Base  or  by 
purchasing  ofbets  to  allow  increased  emissions.  These  levels  are  seen  as 
signiflcant.  The  OU  D  Site  S  catalytic  oxidizer  for  SVE  offgas  currently 
produces  on  the  order  of  2  tons  of  NQ,  per  year.  This  amount  was 
permitted  through  reduction  of  other  permitted  sources  at  McClellan 
AFB.  Conqyaring  the  of  the  values  indicates  that  the  east  side 

emissions  would  be  significant  and  may  not  be  able  to  be  compensated 
through  other  Base  NO,  reductions. 

While  this  indicates  a  disadvantage  for  these  alternatives,  the  impact  may 
not  be  as  sev^  as  indicated.  Preliminary  sizing  of  lur  strippers  used  a 
set  of  design  criteria  that  did  not  include  minitniring  air  flow,  or  NO, 
emissions.  Future  design  activities  could  potentially  decrease  these  NO, 
levels  to  as  little  as  25  percent  of  the  anticipated  emissions,  bringing 
them  into  a  range  where  they  may  be  more  easily  permitted. 

This  uncertainty  affects  Alternatives  1,  2,  3,  and  S  to  increase  the  capital 
cost  and  lower  the  O&M  cost.  Higher  capital  costs  would  result  from 
designing  the  strippers  to  remove  the  same  amount  of  contaminants  using 
a  lower  airflow,  potentially  requiring  a  second  tower.  Downsizing  of  the 
offgas  treatment  systems  would  counteract  this  somewhat.  O&M  costs 
are  estimated  to  decrease  slightly  because  of  lower  air  blower  flow 
requirements. 

With  Alternatives  4  and  6,  no  NO,  is  produced.  These  alternatives  are 
not  affected  by  this  uncertainty. 

VOC  Emissions,  with  Alternatives  1,  2,  3,  and  5,  CatOx  is  used  as 
offgas  control.  This  technology  is  estimated  to  be  effective  at  destroying 
all  organics  present  at  95  percent  or  greater  DRE. 

With  Alternative  4,  VGAC  is  used  as  the  offgas  control  device.  VGAC 
is  not  effective  on  vinyl  chloride  or  methylene  chloride.  It  has  been 
estimated  that  the  low  levels  of  these  conqwunds  in  the  east  side  influoit 
water  are  not  high  enough  to  constitute  a  health  risk  and  result  in  a 
permittable  offgas  stream.  The  actual  permitting  process  will  require 
dispersion  modeling  and  risk  assessments  that  will  more  accurately 
indicate  the  magnitude  of  the  concern.  These  results  are  uncertain  at  this 
time  and  weigh  against  Alternative  4. 

Alternative  6  does  not  have  air  emissions  and  is  not  infracted  by  this 
uncertainty. 

Innovative  Technologies 

Application  of  mnovative  technologies  is  a  prime  target  of  the 
McClellan  AFB  remedial  effort.  In  the  application  of  these  technologies, 
there  is  a  given  amount  of  uncmtain^.  The  prime  motive  behind  itmova- 
tive  technologies  is  to  minimize  the  cost  of  the  remedial  action.  This  can 
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occur  in  two  ways:  a  more  cost-effective  treatment  technology  can  be 
installed  as  part  of  a  pump  and  treat  system  (ex  situ  technolojpes)  or  a 
source  area  or  hot  spot  cleanup  can  be  accelerated  with  an  in  situ 
technology-  The  effect  of  in  situ  technologies  reduces  the  time  of  the 
overall  remetUadon  and  avoids  costs.  Uncertainty  exists  associated  with 
the  performance  of  any  innovative  technology.  Th«e  is  uncotainty  in 
the  technologies  ability  to  perform  in  an  effective,  robust,  cost-effective 
manner  or  be  implementable  at  the  site.  While  inqtlementation  plans 
have  been  developed  that  will  provide  testing  and  staged  implementation 
to  minimize  the  uncertainty,  there  is  still  a  relatively  large  amount  of 
uncotainty  as  to  any  technologies  performance. 

Providing  bounds  for  the  uncertainties  is  difficult.  The  selection  of 
promising  technologies  and  methods  of  implementing  one  or  more  to 
minimi  re  uncertainty  in  an  optimum  manner  has  been  a  task  of  this 
Rl/FS.  The  uncertainty  of  successful  implementation  has  been  nuni- 
mized.  The  uncertainty  of  the  performance  of  any  one  itmovative  tech¬ 
nology  is  not  quantified  here  and  is  recognized  as  a  variable  which  can 
be  reduced  through  proper  implementation. 

Impacts  can  only  be  positive,  since  in  all  alternatives  there  will  be  a 
standard  technology  that  will  be  capable  of  treating  the  extracted 
groundwater.  The  uncertainty  infracts  the  remedial  action  by  either 
having  no  effect,  or  by  lowering  costs  or  reducing  the  remedy  time. 
Either  of  these  positive  effects  are  beneficial  to  McClellan  AFB. 


13.3  Conclusions 

This  section  presents  the  reconunended  target  volume,  treatment  option, 
and  end  use  to  address  contaminated  groundwater  at  McClellan  AFB. 

13.3.1  Target  Volume 

The  recommended  target  volume  was  selected  by  comparing 
Alterrutives  1,  2,  and  3,  whne  the  treatment  and  end  uses  were  held 
crmstant  and  the  three  target  volumes  were  used.  TTus  comparison 
resulted  in  the  selection  of  the  Iff*  cancer  risk  as  the  preferred  target 
volume.  The  lO*  target  volume  provides  greater  protecticm  than  the 
MCL  target  volume  at  a  slightly  higher  cost.  The  background  target 
volume  was  not  selected  because  the  large  increase  in  project  cost  is  not 
warranted  by  the  slightly  greater  level  of  protection  to  the  public. 
Included  in  all  the  alternatives  was  the  isolation  and  remediation  of  the 
hot  spots. 


13.3.2  Treatment  and  End  Use 

During  the  evaluation  and  screening  of  the  conqxwents  of  the  alterna¬ 
tives,  treatment  and  end  use  were  addressed  separately.  Once  the  alter¬ 
natives  were  assembled  the  interfaces  between  trestment  and  end  use 
added.  Alternatives  2,  4,  and  6  have  different  treatment  options,  but 
constant  target  volumes  and  end  uses.  Of  these.  Alternatives  4  and  6 
have  almost  identical  capital  cost,  snd  Alternative  2  is  only  3  percent 
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more.  Net  present  value  indicates  the  difference  between  Alternatives  2, 
4,  and  6  are  more  pronounced. 

The  economics  of  these  alternatives  are  so  similar  that  their  respcmse  to 
the  outcome  of  the  areas  of  uncertainty  is  critical  to  the  decisirm.  Of 
particular  uncertain^  are  the  long-term  influent  concentrations.  In  the 
case  of  the  permitting  for  NO,  emissions,  Alternative  2  is  affected,  but 
Alternatives  4  and  6  are  not  because  they  would  not  produce  NO,.  The 
cost  of  dealing  with  the  NO,  issue  is  highly  variable,  but  in  all  instances 
it  is  substantud.  The  first  possibility  is  to  perform  a  Basewide  NO, 
inventory  to  determine  if  the  Base  already  has  capacity  for  an  additicmal 
NO,  source  of  i^proximately  12  tons  per  year.  If  they  do  not  have 
capacity,  then  they  could  offset  the  additional  source  by  reducing  their 
current  emissions.  The  last  choice  would  be  to  purchase  NO,  credits 
from  another  party. 

There  is  a  possibility  of  reducing  the  NO,  emissions  through  an  alterna¬ 
tive  stripping  tower  design,  but  any  savings  in  the  handling  of  the  NO, 
emissions  would  be  offset  by  increased  capital  cost. 

The  potential  changes  in  influent  concentration  could  make  a  substantial 
difference  in  the  economics.  If  the  eastern  influmt  concentrations 
decrease  similarly  to  the  existing  GWTP,  Alternatives  4  and  6  have 
lower  operational  costs,  with  Alternative  6  having  die  least  operational 
cost.  Conversely,  if  new  hot  spots  are  identified,  similar  to  Site  24  in 
OU  A,  the  impact  on  the  cost  of  Alternative  6  could  be  a  substantial 
increase  in  carbon  cost. 

Alternative  4  contains  the  preferred  treatment  train  because  its  cost  is  less 
sensitive  to  higher  influent  concentrations,  it  would  not  require  the  cost 
of  dealing  with  NO,  emissions,  nor  would  it  produce  NO,  emissions. 

Alternatives  2  and  S  contain  the  two  different  end-use  options  and  are 
consistmt  in  the  target  volume  and  basic  treatment  train.  On  the  basis  of 
crqiital  cost.  Alternative  5  is  slightly  lower,  but  the  net  presoit  value  of 
Alternative  2  is  lower.  This  is  due  to  a  higher  O&M  cost  of 
Alternative  5  because  of  the  requirement  of  chlorine  contact  prior  to  dis¬ 
charge  to  the  water  utilities.  The  recommended  aid  use  for  the  project  is 
to  inject  the  treated  groundwater.  This  end-use  option  has  a  lower  net 
present  value  than  discharge  to  the  water  utilities,  along  with  the  fact  that 
the  currmt  DHS-ODW  policy  forbids  the  potential  sale  of  treated  con¬ 
taminated  groundwater  to  the  local  utilities. 

Two  possibilities  could  make  the  injection  option  less  favorable.  First  is 
the  possibility  that  the  deeper  aquifer  water  quality  is  better  than  the 
treated  water,  in  which  case  the  antidegradation  policies  of  the  RWQCB 
would  not  allow  the  injection  to  take  place  without  treatment.  Second  is 
the  possibility  that  the  injection  would  be  more  difficult  and  require  a 
greater  power  cost  and  labor  cost,  or  possibly  more  wells.  This  cannot 
be  resolved  until  an  injection  test  well  is  installed.  Both  of  these 
outcomes  would  make  polishing  and  discharge  to  the  water  utilities  less 
expensive  than  injection. 
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13.3.3  Preferred  Remedy 


The  preferred  remedy  for  the  Groundwater  OU  is  control  of  the  10^  risk 
target  volume,  treatment  of  the  extracted  groundwater  using  an  air- 
stripper  with  VGAC  on  the  offgas  followed  by  poUdiing  the  water  with 
LGAC,  and  injection  of  the  treated  water.  The  hot  spots  within  the 
groundwater  plumes  will  be  hydraulically  isolated  to  remove  the 
DNAPLs  as  a  continuous  source  to  the  less  concentrated  areas. 

Innovative  technologies  that  will  be  applied  to  the  hot  spots  include 
high-vacuum,  dual-phase  extraction,  in  situ  anaerobic  biological 
treatment,  in  situ  cometabolic  (aerobic)  biological  treatment,  and  SVE. 
The  iimovative  technologies  will  be  tested  to  measure  their  effectiveness 
and  cost  prior  to  implementation.  The  remedy  includes  all  the  baseline 
requirements  listed  in  Section  13.1.1. 

McClellan  AFB  is  currently  pilot  testing  the  high-vacuum,  dual-phase 
extraction  process  at  OU  A.  The  two  in  situ  biolo^cal  processes  will 
receive  a  high  priority  for  evaluation  and  testing  because  of  their  poten¬ 
tial  to  destroy  contaminants  in  situ.  The  SVE/sparging  process  will  be 
tested  in  conjunction  with  the  ongoing  SVE  pilot  test  at  OU  D. 

limovatives  technologies  that  will  be  pursued  for  the  improvement  of  the 
selected  treatment  train  are  resin  adsorption  and  biofiltradon  to  rqrlace 
the  VGAC  or  reduce  the  treatment  burden  and  cost.  These  technologies 
will  be  tested  at  McClellan  AFB  on  the  existing  groundwater  treatment 
plant.  E-beam  destruction  of  VOCs  in  water  will  not  be  pursued  further 
until  the  testing  at  Savannah  River  is  completed  and  evaluated. 

Contingency  measures  to  be  included  in  the  remedy  are  potential  metals 
removal  prior  to  water  md  use,  potential  onbase  reuse  of  a  portion  of  the 
water,  and  wellhead  treatment  on  offbase  supply  wells.  The  contingency 
measures  will  only  be  implemented  if  necessary. 


RDDIOOI3ADO.Wt>S(OW  RI/FS) 


13-43 


6/23/94 


Final  layout  ot  Initial 
oit-baaa/hot  spot  valla 


tc«  unc 

apo^  walla 


Itaduea  uncertainty  In 
nuabar/location  of  walla 


Coaiplata  initial 
off-baaa/hot  apot  walla 

20  I 


)H-18 


Taalc  Order  2 

\ 

21  1 

1 

[r 


Conduct  Aerial  Survey 


r" 

her 

txnov 

Further  reduce  uncert. 
in  innoir  tech 

1 

— 

n - 1 - 

^^9 

luct  <ial  Survey 

Conduct  Utility  Mapping 

1  -  - 

^ - 1 - 

f 


End  UM  ayataa 


Eaatam  area 


Conatruct  caatarn 
collection  ayataa 


IMPLI 

SEQl 

GROUNI 

McCLEL 

SACRAK 


FIGURE  13-8 

IMPLEMENTATION  PLANS/ 
SEQUENCE  OF  MAJOR  TASKS 


GROUNDWATER  OPERABLE  UNIT  RI/FS 
McClellan  air  force  base 

SACRAMENTO.  CALIFORNIA 


a&HHIlL 


t 


Chapter  14 

Works  Cited 


Agency  for  Toxic  Substances  and  Disease  Registry.  1993.  Public 
Health  Assessment  for  McClellan  Air  Force  Base.  Sacramento, 
Sacramento  County,  CA,  CERCUS  No.  CA4570024337. 

California  Air  Resources  Board.  1984.  Calfomia  Surface  Wind 
Climatology. 

California  Dqrartment  of  Water  Resources.  1974.  ’Evaluation  of 
Groundwater  Resources.  ’  Sacramento  County  Bulletin  118-3. 

California  Department  of  Water  Resources.  1978.  ’Evaluation  of 
Groundwater  Resources  of  Sacramento  Valley.  ’  Sacramento  County 
Bulletin  118-6. 

CH2M  HILL.  1981.  Installation  Restoration  Program  Records  Search. 
Prepared  for  McClellan  AFB,  Sacramento,  California. 

CH2M  HILL.  1984.  Site  Characterization  Study,  Area  D.  Prepared  for 
McClellan  AFB,  Sacramento,  California. 

CH2M  HILL.  1992a.  Work  Plan:  Soil  Vapor  Extraction  Treatability 
Investigation,  Site  S,  Operable  Unit  D.  Prepared  for  McClellan  AFB, 
Sacramento,  California. 

CH2M  HILL.  1992b.  Sampling  and  Analysis  Plan  Operable  Unit  D 
Field  Investigation.  Prepared  for  McClellan  AFB,  Sacramento, 

California. 

CH2M  HILL.  1992c.  Operable  Unit  D  Remedial  Investigation  Report. 
Prepared  for  McClellan  AFB,  Sacramento,  California. 

CH2M  HILL.  1993a.  Work  Plan;  Steam  Injection/Vacuum  Extraction 
Treatability  Investigation,  Site  22,  Operable  Unit  Cl.  Prepared  for 
McClellan  AFB,  Sacramento,  California. 

CH2M  HILL.  1993b.  Operable  Unit  C  Preliminary  AssessmerU.  Pre¬ 
pared  for  McClellan  AFB,  Sacramento,  California. 

Clark,  C.  S.,  C.  R.  Meyer,  P.  S.  Gartside,  V.  A.  Majeti.  B.  Specker, 

W.  F.  Balistreri,  and  V.  J.  Elia.  1982.  An  Environmental  Health 
Survey  of  Drinking  Water  Contamination  from  a  Pesticide  Waste  Dump 
in  Hardeman  County,  Tennessee.  Arch.  Environ.  Health.  37:9-18. 

Cohm,  R.  M.,  and  J.  W.  Mercer.  1993.  DNAPL  Site  Evaluation. 

C.  K.  Smoley. 

EG&G  Idaho.  1988.  Informal  Report:  McClellan  Air  Force  Base  Indus¬ 
trial  Wastewater  Collection  System  Characterization  Report.  Prepared 
for  McClellan  AFB,  Sacramento,  California. 


RDD10012CS4.WPS  (QW  RWS) 


14-1 


6/23/94 


Engineering  Science.  1983.  Final  Report,  Installation  Restoration  Pro¬ 
gram,  Phase  ll-Cor^irmation.  Prepared  for  TJ.S.  Air  Force  Occupational 
and  Environmental  Health  Laboratory,  Brooks  AFB,  Texas. 

Fogelman,  Ronald  P.  1979.  Chemical  Quality  of  Ground  Water  in  the 
Eastern  Sacramento  Valley,  Caltfomia.  U.S.  Geological  Survey.  Water- 
Resources  Investigations  78-124.  Prepared  in  cooperation  with  the 
California  Dqrartment  of  Water  Resources.  June. 

Freeze,  R.A.,  and  Cherry,  J.A.,  1979.  Groundwater.  Prentice-Hall, 

Inc.  Englewood  Cliffs,  New  Jersey. 

Graf,  Charles.  1991.  Behavior  of  Organic  Contaminants  in  the 
Subsurface,  Lecture  Notes,  Arizona  Department  of  Environmental 
Quality.  S^tember. 

International  Institute  for  Land  Reclamation  and  Improvemnit  (ILRI). 
1973.  Drainage  Principles  and  Applications. 

Jacobs  Engineering  Group.  1992.  Remedial  Investigation  Sampling  and 
Analysis  Plan  for  Operable  Unit  A.  Prepared  for  McClellan  AFB, 
Sacramento,  California. 

Jacobs  Engineering  Group.  1S192.  Sampling  and  Analysis  Plan  for 
Operable  Unit  Cl.  Prqiared  for  McClellan  AFB,  Sacramento, 

California. 

Kahrl,  W.  L.,  Project  Director  and  Editor.  1978.  The  California  Water 
Atlas. 

Kruseman,  G.P.,  and  de  Riddler,  N.A.  1991.  Analysis  and  Evaluation 
of  Punning  Test  Data.  International  Institute  for  Land  Reclamation  and 
Inqrrovement,  the  Netherlands. 

Ludorff  &  Scalmanini.  1983.  Base  Wells  Sealing  Report.  Prepared  for 
McClellan  AFB,  Sacramento,  California. 

McClarm  Environmental  Engineering.  1986.  Basewide  Report  on 
Contanunation.  Prepared  for  McClellan  AFB,  Sacrammto,  California. 

McClaroi  Envirorunental  Engineering.  1986.  Technical  Memorandum 
for  the  Shallow  Investigation  Program  in  Areas  A,  B,  C,  and  Other 
Sites.  Parts  I-m.  Pr^rared  for  McClellan  AFB,  Sacramento,  California. 

McClellan  Air  Force  Base.  1993.  Maiugement  Action  Plan. 

National  Ocearuc  and  Atmospheric  Admirustration.  1989. 

Climatological  Data  Summary  for  California.  Vol.  93,  No.  13 

•  Naticmal  Reaeardi  Council.  1980.  Drinking  Water  and  Health. 

Volume  3.  NiUional  Academy  Press,  Washingtmi,  D.C. 

I 

Noms,  R.  M.  1990.  Geology  of  Calrfomia,  Second  Edition. 


1 


11DDI0012CS4.WPS  (OW  RI/FS) 


14-2 


6/23/94 


Pauls,  C.F.  and  J.R.  Doane.  1973.  Comprehensive  Summary  of  Magpie 
Creek,  McClellan  Air  Force  Base,  California.  USAF  Environmental 
Health  Laboratory. 

Radian  Corporation.  1984.  Inventory  of  private  wells  offbase. 

Radian  Corporation.  1986-curTent.  Installation  Restoration  Program 
Sampling  and  Analysis  Program:  Technical  Reports.  Prepared  for 
McClellan  AFB,  Sacramento,  California. 

Radian  Corporation.  1989.  Engineering  Evaluation/Cost  Analysis- 
Environmental  Assessment.  Prepared  for  McClellan  AFB,  Sacramento, 
California. 

Radian  Corporation.  1990.  Preliminary  Groundwater  Operable  Unit 
Remedial  Investigation  (Hydrogeologic  Assessment)  Sampling  and 
Analysis  Plan.  February. 

Radian  Corporation.  1991.  Corrtprehensive  CERCLA  Work  Plan. 

Radian  Corporation.  1991.  Installation  Restoration  Program  (IRP) , 
McClellan  Air  Force  Base  Comprehensive  CERCLA  Work  Plan.  July. 

Radian  Corporation.  1991.  Preliminary  Groundwater  Operable  Unit 
Remedial  Investigation  Technical  Rqrort.  Prepared  for  McClellan  AFB, 
Sacramento,  California. 

Radian  Coporation.  1991.  Operable  Unit  B  Remedial  Investigation. 
Prepared  for  McClellan  AFB,  Sacramoito,  California.  Draft  expected 
June  1994. 

Radian  Corporation.  1992.  Preliminary  Grourulwater  Operable  Unit 
Remedial  Investigation,  Final.  September. 

Radian  Corporation.  1992.  Operable  Unit  A  Remedial  Investigation 
Sampling  and  Analysis  Plan.  September. 

Radian  Corporation.  1992.  Installation  Restoration  Program  (IRP) 
Stage  7,  P-eliminary  Groundwater  Operable  Unit  Remedial  Investigation. 
September. 

Radian  <  xrrpoiation.  1993.  Operable  Unit  BI  Remedial 
Investigation/Feasibility  Study.  Prepared  for  McClellan  AFB, 
Sacramento,  California.  Draft.  March  3. 

Radian  Corporation.  1993.  Operable  Unit  C  Remedial 
Investigation/Feasibility  Study  Sanqrling  and  Analysis  Plan,  Draft. 
Pre(.!>red  for  McClellan  AFB,  Sacramento,  California. 

Radian  Corporation.  1994.  Working  Copy  Basewide  RI/FS  Quality 
Assurance  Project  Plan  (QAPP)  Update.  May. 

Sacramento  County.  1985.  Census  Tracts. 


RDD100I2C54.WP5  (OW  RI/FS) 


14-3 


State  of  California,  Department  of  Water  Resources  in  cooperation  with 
the  U.S.  Geological  Survey.  1978.  Evaluation  of  Ground  Water 
Resources:  Sacramento  Valley.  Bulletin  118-6.  August. 


State  of  California,  Department  of  Water  Resources  in  cooperation  with 
County  of  Sacramento.  1974.  Evaluation  of  Ground  Water  Resources; 
Sacramento  County.  Bulletin  118-3.  July. 

Shy,  C.  M.  1985.  "Chemical  Contamination  of  Water  Supplies." 
Environmental  Health  Perspect.  62:399-406. 

University  of  California,  Beiiceley,  Division  of  Agricultural  Sciences. 
Undated.  Average  Daily  Air  Temperature  and  Precipitation  in 
Caltfomia. 

U.S.  Environmental  Protection  Agency.  1989.  Risk  Assessment 
Guidance  for  Si^teifund.  Human  Health  Evaluation  Manual  Part  A, 
Final.  OSWER  Directive  9285. 701A.  Environmental  Protection 
Agamy,  Office  of  Solid  Waste  and  Emergency  Response. 

Washington,  DC. 

U.S.  Environmental  Protection  Agoicy.  1990.  National  Contingency 
Plan.  Federal  Register.  55:8665-8865.  March  8. 

U.S.  Environmental  Protection  Agency.  1990.  Subsurface  Contamina¬ 
tion  Reference  Guide.  Office  of  Emeigency  and  Remedial  Response. 
Washington,  D.C.  EPA/540/2-90/011.  October. 

U.S.  Environmental  Protection  Agency.  1991.  Role  of  the  Baseline 
Risk  Assessment  in  Superfund  Remedy  Selection  Decisions. 

Memorandum  from  Don  R.  Clay,  April  22,  1991.  Office  of  Solid  Waste 
and  Emergency  Response.  OSWER  Directive  9355.0-30. 

U.S.  Environmental  Protection  Agency,  Region  DC.  1993.  Preliminaiy 
Ecological  Survey,  Draft.  PrqMiod  for  McClellan  AFB,  Sacramento, 
California. 

Upton,  A.  C.,  T.  Kneip,  P.  Toniolo.  1989.  Public  health  aspects  of 
toxic  chemical  disposal  sites.  Ann.  Rev.  Public  Health.  10:1-25. 

Williamson,  J.  S.  1981.  "Epidemiologic  Studies  on  Cancer  and  Organic 
Compounds  in  U.S.  Drinking  Water."  Sci.  Tot.  Environ.  18:187-203. 


I 


l 


RODIOOI2CS4.WPS  (OW  RI/FS) 


14-4 


6/23/94 


